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REPLY  TO 
attention  Of: 


NEDED 


Honorable  Edward  J.  King 
Governor  of  the  Commonwealth  of 
Massachusetts 
State  House 

Boston,  Massachusetts  02133 


S£p  1  ?  1979 


Dear  Governor  King: 

I  am  forwarding  to  you  a  copy  of  the  Townsend  Harbor  Dam  Phase  I 
Inspection  Report,  which  was  prepared  under  the  National  Program  for 
Inspection  of  Non-Federal  Dams.  This  report  is  presented  for  your  use 
and  is  based  upon  a  visual  inspection,  a  review  of  the  past  performance 
and  a  brief  hydrological  study  of  the  dam.  A  brief  assessment  is  in¬ 
cluded  at  the  beginning  of  the  report.  I  have  approved  the  report  and 
support  the  findings  and  recommendations  described  in  Section  7  and  ask 
that  you  keep  me  informed  of  the  actions  taken  to  implement  them.  This 
follow-up  action  is  a  vitally  Important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Environ¬ 
mental  Quality  Engineering,  the  cooperating  agency  for  the  Commonwealth 
of  Massachusetts.  In  addition,  a  copy  of  the  report  has  also  been 
furnished  the  owner,  Hollingsworth  &  Vose  Co. ,  Townsend  Road,  West 
Groton,  Massachusetts  01472. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Quality  Engineering  for  your  cooperation  in  carrying  out 
this  program. 

Sincerely  yours, 


Incl 

As  stated 


Colonel,  Corps  of  Engineers 
Division  Engineer 
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Identification  No.  :  MA  00138 
Name  of  Dam:  TOWNSEND  HARBOR  DAM 
Town:  TOWNSEND 

County  and  State:  MIDDLESEX,  MA 

Stream:  SQUANNACOOK 

Date  of  Inspection:  15  NOVEMBER  1978 

BRIEF  ASSESSMENT 


Townsend  Harbor  Dam  consists  of  a  100  foot  long  earth  embankment  11  feet 
high  at  the  right,  a  92  foot  long  stone  masonry  spillway  8  feet  high  at 
the  center  and  57  foot  long  stone  masonry  wall  retaining  apparent  fill 
at  the  left  side  of  the  dam.  The  outlet  works  of  the  reservoir,  a  mill- 
race,  is  to  the  left  of  the  stone  masonry  wall.  The  millrace  has  an 
abandoned  concrete  control  structure  near  its  mid-length,  a  concrete  over¬ 
flow  near  the  three-quarter  point  and  a  concrete  control  structure  with 
stop  logs  at  the  discharge  end  which  is  approximately  200  feet  downstream 
of  the  spillway. 

The  dam  is  in  fair  condition.  Slight  seepage  was  observed  at  the  right  end 
of  the  spillway  and  from  under  the  old  grist  mill  building.  Brush,  trees 
and  debris  are  present  on  the  dam  and  dike  embankments  and  in  the  down¬ 
stream  channel. 

Based  on  the  size,  small,  and  hazard  classification,  significant,  in  accor¬ 
dance  with  the  Corps  of  Engineers  Guidelines,  the  spillway  test  flood  is 
the  1/4  Probable  Maximum  Flood  (1/4  PMF).  The  test  flood  peak  outflow  was 
estimated  to  be  14,610  cfs  and  would  result  in  overtopping  the  dam  by 
approximately  7.5  feet;  however,  under  such  a  flooding  condition  the  dam 
would  be  essentially  submerged  by  tailwater.  Hydraulic  analysis  indicates 
that  the  spillway  will  only  pass  43  percent  of  the  test  flood. 

Recommended  additional  investigations  by  the  Owner  include  a  detailed 
hydrologic-hydraulic  study  of  spillway  capacity,  an  investigation  of  the 
protection  of  the  millrace  dike  and  an  investigation  of  seepage  at  the 
grist  mill  foundation  and  at  the  right  end  of  the  spillway.  Recommended 
remedial  measures  include  the  cutting  of  brush  and  trees  at  the  dam,  dike 
and  discharge  channel,  the  repair  of  locally  eroded  areas  and  spillway 
apron  and  the  establishment  of  formal  maintenance  program,  operational 
procedures  and  emergency  preparedness  plan  and  warning  system.  These 
recommendations  and  remedial  measures  as  delineated  in  Section  7  of  the 
report  should  be  undertaken  within  one  year  of  receipt  of  the  report  by 
the  Owner. 


CAMP  DRESSER  &  McKEE  INC. 


ft. 


Roger  H.  Wood 
Vice  President 


This  Phase  I  Inspection  Report  on  Townsend  Harbor  Dam 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams,  and  with  good  engineering  judgement  and  practice”,  and  is  hereby 
submitted  for  approval.  1 


u). 


/JOSEPH  W.  MlNEGAN,  JR. , 
fWa^ar  Conccol  Branch 
'“Engineering  Division 


JOSEPH  A..  MCELROY,  MEMBER 
Foundation  .&  Materials  Branch 
Engineering  Division 


4: 


CARNEY  M.  ^TERZIAN,  CHAIRMAN 
Chief,  Structural  Section 
Design  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 


^fOE  B.  FRYAR  7 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended  Guide¬ 
lines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of 
these  guidelines  may  be  obtained  from  the  Office  of  Chief  of  Engineers, 
Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to  human  life  or 
property.  The  assessment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing,  and  de¬ 
tailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I  Investi¬ 
gation;  however,  the  investigation  is  intended  to  identify  any  need  for  such 
studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition 
of  the  dam  is  based  on  observations  of  field  conditions  at  the  time  of  in¬ 
spection  along  with  data  available  to  the  inspection  team.  In  cases  where 
the  reservoir  was  lowered  or  drained  prior  to  inspection,  such  action,  while 
improving  the  stability  and  safety  of  the  dam,  removes  the  normal  load  on 
the  structure  and  may  obscure  certain  conditions  which  might  otherwise  be  de¬ 
tectable  if  inspected  under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and  is  evolutionary 
in  nature.  It  would  be  incorrect  to  assume  that  the  present  condition  of  the 
dam  will  continue  to  represent  the  condition  of  the  dam  at  some  point  in  the 
future.  Only  through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  be  detected. 

Phase  I  Investigations  are  not  intended  to  provide  detailed  hydrologic  and 
hydraulic  analyses.  In  accordance  with  the  established  Guidelines,  the  test 
flood  is  based  on  the  estimated  "probable  maximum  flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff),  or  a  fraction  thereof.  Because 
of  the  magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway 
will  not  pass  the  test  flood  should  not  be  interpreted  as  necessarily  pos¬ 
ing  a  highly  inadequate  condition.  The  test  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aide  in  determining  the  need  for 
more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size  of  the 
dam,  its  general  condition  and  the  downstream  damage  potential. 
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PHASE  1  INSPECTION  REPORT 
NATIONAL  OAM  INSPECTION  PROGRAM 

TOWNSEND  HARBOR  DAM 
MA  00138 

SECTION  1:  PROJECT  INFORMATION 


1.1  General 


a.  Authori ty  -  Public  Law  92-367,  August  8,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
initiate  a  national  program  of  dam  inspection  throughout  the 
United  States.  The  New  England  Division  of  the  Corps  of 
Engineers  has  been  assigned  the  responsibility  of  supervising 
the  inspection  of  dams  within  the  New  England  region. 

Camp  Dresser  &  McKee  Inc.  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in 
the  State  of  Massachusetts.  Authorization  and  notice  to 
proceed  was  issued  to  Camp  Dresser  &  McKee  Inc.  under  letters 
of  12  July  1978  and  23  October  1978  from  Colonel  John  P. 
Chandler,  Corps  of  Engineers.  Contract  No.  DACW  33-78-C-0354 
has  been  assigned  by  the  Corps  of  Engineers  for  this  work. 

Haley  and  Aldrich,  Inc.  has  been  retained  by  Camp  Dresser  & 

Inc.  for  soils  and  geological  portions  of  the  work. 

b.  Purpose  -  The  primary  purpose  of  the  investigation  is  to: 

(1)  Perform  technical  inspection  and  evaluation  of  non- 
federal  dams  to  identify  conditions  which  threaten  the 
public  safety  and  thus  permit  correction  in  a  timely 
manner  by  non-federal  interests. 

(2)  Encourage  and  assist  the  states  to  initiate  quickly 
effective  dam  safety  programs  for  non-federal  dams. 

(3)  Update,  verify  and  complete  the  National  Inventory  of  Dams. 
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initiate  a  national  program  of  dam  inspection  throughout  the 
United  States.  The  New  England  Division  of  the  Corps  of 
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Camp  Dresser  4  McKee  Inc.  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in 
the  State  of  Massachusetts.  Authorization  and  notice  to 
proceed  was  issued  to  Camp  Dresser  &  McKee  Inc.  under  letters 
of  12  July  1978  and  23  October  1978  from  Colonel  John  P. 
Chandler,  Corps  of  Engineers.  Contract  No.  DACW  33-78-C-0354 
has  been  assigned  by  the  Corps  of  Engineers  for  this  work. 

Haley  and  Aldrich,  Inc.  has  been  retained  by  Camp  Dresser  & 

Inc.  for  soils  and  geological  portions  of  the  work. 

b.  Purpose  -  The  primary  purpose  of  the  investigation  is  to: 

(1)  Perform  technical  inspection  and  evaluation  of  non- 
federal  dams  to  identify  conditions  which  threaten  the 
public  safety  and  thus  permit  correction  in  a  timely 
manner  by  non-federal  interests. 

(2)  Encourage  and  assist  the  states  to  initiate  quickly 
effective  dam  safety  programs  for  non-federal  dams. 

(3)  Update,  verify  and  complete  the  National  Inventory  of  Dams. 
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1.2  Description  of  Project 


a.  Location  -  Townsend  Harbor  Dam  is  located  on  the  Squannacook 
River,  approximately  95  feet  upstream  of  South  Harbor  Road  and 
adjacent  to  Main  Street  in  the  Town  of  Townsend,  Massachusetts, 
as  shown  on  the  report's  location  map.  Water  impounded  by  the 
dam  is  called  Harbor  Pond. 

b.  Description  of  Dam  and  Appurtenances  -  Townsend  Harbor  Dam  consists 
of  a  92.2-ft.  long,  8.3-ft.  high  stone-masonry  overflow  spillway 
flanked  on  the  right  by  a  100  foot  long  low  earth  embankment  and 

on  the  left  by  an  area  of  apparent  fill  retained  by  a  57-ft. 
long  stone-masonry  wall. 

A  17.6-ft.  wide  millrace  runs  parallel  to  the  Squannacook  River 
around  the  left  abutment  area  past  old  mill  buildings  and  rejoins 
the  downstream  channel  over  200  feet  below  the  dam.  A  16.3-ft. 
long  railroad  bridge  forms  the  entrance  to  the  millrace,  which 
is  a  stone-masonry-walled  channel  upstream  of  South  Harbor 
Road  and  is  a  concrete  channel  downstream.  A  3.9-foot-wide,  stop- 
log  controlled  concrete  outlet  at  the  end  of  the  millrace  allows  the 
flow  to  return  to  the  Squannacook  River. 

Short  stone  masonry  walls  extend  about  8  feet  from  the  right 
spillway  training  wall  along  the  upstream  and  downstream  faces  of 
the  right  dam  embankment.  Beyond  these  walls,  extending  to  a  total 
length  of  approximately  100  feet  from  the  spillway,  there  is  an 
irregularly-shaped  grass  and  brush-covered  earth  embankment.  The 
embankment  height  varies  from  a  maximum  of  approximatley  13  ft.  at 
the  spillway  to  a  junction  with  natural  ground  in  a  private  yard. 

The  embankment  crest  is  about  2.7  feet  above  the  level  of  the 
spillway  crest. 

To  the  left  of  the  spillway,  the  apparent  filled  area  is  relatively 
level  at  2.8  feet  above  the  spillway  crest  and  is  bounded  by  the 
left  spillway  and  channel  walls  to  the  south,  a  stone-masonry 
upstream  wall  to  the  west,  the  millrace  to  the  north,  and  South 
Harbor  Road  to  the  east.  Most  of  the  surface  is  grass  and  weeds, 
but  there  is  one  large  wood-frame  building  called  "The  Cooperage" 
that  projects  over  the  downstream  river  channel. 

Downstream  of  South  Harbor  Road  the  millrace  generally  parallels  the 
river  channel,  with  its  river-side  bank  about  12  feet  above  the 
river  channel.  An  80-ft.  long  section  of  this  bank,  between  an  old 
wood  frame  grist  mill  near  South  Harbor  Road  and  the  concrete 
millrace  outlet  structure  near  another  mill  building,  functions  as 
an  earth  dike.  The  dike  has  a  crest  width  that  varies  from  10  to  20 
feet,  an  upstream  concrete  wall,  and  a  partial  downstream  stone- 
masonry  wall.  Most  of  the  millrace  dike  crest  has  a  cover  of  grass  and 
weeds  with  some  trees  and  brush,  while  the  gradual  slope  from  the 
downstream  wall  to  the  river  channel  has  more  trees  and  brush. 
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c.  Size  Classification  -  Townsend  Harbor  Dam  has  a  height  of 
approximately  11  feet  and  a  storage  capacity  of  273  acre-feet  at 
the  top  of  the  dam.  According  to  guidelines  established  by  the 
Corps  of  Engineers,  the  dam  is  classified  in  the  small  category. 

d.  Hazard  Classification  -  Based  on  the  results  of  the  dam  failure 
analysis  included  in  Section  5  of  this  report,  failure  of  the 
dam  could  jeopardize  a  few  lives  due  to  the  presence  of  a 
building  on  the  left  side  of  the  downstream  channel.  The  dam 
is,  therefore,  classified  in  the  significant  hazard  category. 

e.  Ownership  -The  dam  and  mi 11  race  have  been  owned  by  Hollingsworth  & 
Vose  Company  for  the  past  18  years.  The  previous  owner  is  reported 
to  be  Townsend  Harbor  Investments  Inc.,  from  which  Hollingsworth  & 
Vose  Co.  purchased  the  property.  The  address  of  the  present 
owner  is:  Hollingsworth  A  Vose  Company,  Townsend  Road,  West 
Groton,  Massachusetts,  01472.  Mr.  A.E.  Irelan  at  the  above 
address  is  the  owner’s  representative. 

f.  Operator  -  Operation  of  the  dam  is  the  responsibility  of  Mr.  A.E. 
Irelan  of  Hollingsworth  A  Vose  Co.  His  address  is  Hollingsworth  & 
Vose  Co.,  Townsend  Road,  West  Groton,  Massachusetts,  01472  (phone 
617/448-33111. 

g.  Purpose  of  Dam  -  A  dam  was  originally  constructed  at  this 
general  area  in  1733  as  a  water  supply  for  a  saw  mill  which 
eventually  became  a  grist  mill.  In  1870,  the  present  dam  was 
constructed  to  provide  additional  power  for  the  Spaulding 
Leatherboard  Company.  The  present  owner  utilizes  the  dam  as  a 
water  reservoir  to  supplement  extreme  dry-weather  river  flow. 

h.  Design  and  Construction  History  -  There  are  no  records  of  the  design 
or  construction  of  this  dam.  A  newspaper  account  and  plaque  at  the 
site  indicate  that  a  dam  was  originally  built  in  1733  in  this  area. 
The  present  dam  was  constructed  in  1870  and  rebuilt  or  repaired 
after  being  damaged  in  1936  and  1938. 

1.  Normal  Operational  Procedures  -  There  is  no  formally-established 

routine  for  operation  of  the  dam.  Mr.  Irelan  stated  that  Harbor  Pond 
is  maintained  at  approximate  spillway  crest  elevation  year-round 
with  stop  logs  located  at  the  mill  race  outlet.  During  very  dry 
periods,  the  operator  Increases  the  flow  through  the  mi 11  race  by 
removing  the  stop  logs. 

.3  Pertinent  Data  -  Elevations  used  In  this  report  are  on  National 
Geodetic  Vertical  Datum  (NGVD),  formerly  referred  to  as  Mean  Sea 
Level  Datum  (MSL).  The  elevations  previously  established  at  the  dam 
site  and  shown  on  the  plan  included  In  Appendix  B  are  on  NGVD  and 
agree  with  those  shown  on  the  USGS  Quadrangle,  Townsend,  Mass.,  1965. 
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a.  Drainage  Area  -  The  drainage  area  tributary  to  the  dam  site  is 
58.3  square  miles  and  is  characterized  by  moderately-forested, 
lightly-developed  rolling  terrain.  In  the  vicinity  of  Harbor  Pond, 
the  terrain  is  flat  and  swampy.  Harbor  Pond  accounts  for 
approximately  0.1  percent  of  the  total  drainage  area. 

b.  Discharge  at  Dam  Site  -  There  are  no  records  of  discharges  at  the 
dam  site,  but  Squannacook  River  discharges  are  recorded  at  USGS 
Gage  Number  01096000  located  approximately  2  miles  downstream  of 
the  dam  site. 

(1)  Outlet  works  size - 3.9  ft.  wide  by  2.8  ft.  high 

box  outlet 

(2)  Maximum  known  flood  at  damsite - Unknown 

(3)  Ungated  spillway  capacity  at  top  of  dam 
1,430  cfs  0  270.0  elev. 

(4)  Ungated  spillway  capacity  at  test  flood  elevation 
6,320  cfs  0  277.5  elev. 

(5)  Gated  spillway  capacity  at  normal  pool  elevation - N/A 

(6)  Gated  spillway  capacity  at  test  flood  elevation - N/A 

(7)  Total  spillway  capacity  at  test  flood  elevation 
6,320  cfs  0  277.5  elev. 

(8)  Total  project  discharge  at  test  flood  elevation 


14,610  cfs  0  277.5  elev. 
c.  Elevation  (NGVD) 

(1)  Streambed  at  centerline  of  dam - 259.0  (Est) 

(2)  Test  flood  tai  1  water - 275.0 


(3)  Upstream  portal  invert  diversion  tunnel - N/A 

(4)  Normal  pool - - - 267.3 

(5)  Full  flood  control  pool - N/A 

(6)  Spillway  crest - 267.3 

(7)  Design  surcharge  (Original  Design) - - Unknown 


(8)  Top  of  dam - Yaries,  low  point  at  270.0 


(9)  Test  flood  design  surcharge 


277.5 
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d.  Reservoir 


(1)  Length  of  test  flood  pool  — . - . 8,400  ft. 

(2)  Length  of  normal  pool . . . . . 3,500  ft. 

(3)  Length  of  flood  control  pool— . — . N/A 

e.  Storage  (acre-feet) 

(1)  Normal  pool— - 116.0 

(2)  Flood  control  pool- . - . . N/A 

(3)  Spillway  crest  pool  — . 116.0 

(4)  Top  of  dam - 273.0 

(5)  Test  flood  pool- . —2,646 

f.  Reservoir  Surface  (acres) 

(1)  Normal  pool - - 43.5 

(2)  Flood-control  pool  — . - - - - - - N/A 

(3)  Spillway  crest— - - - - . —43.5 

(4)  Test  flood  pool - - — - - 374.4 

(5)  Top  of  dam - 197.4 

g.  Embankments 


Right  Embankment 

Mi 11  race  Dike 

(1) 

Type 

Earth  fill 

Earth  fill  with  concrete 
upstream  face  and  par¬ 
tial  stone-masonry  down¬ 
stream  face 

(2) 

Length 

Approx.  100  ft. 

Approx.  80  ft. 

(3) 

Height 

Approx.  11  ft.  max 

Approx.  12  ft. 

(4) 

Top  width  and 
el evation 

20  ft.  max  at 
elev.  270 

10  to  20  ft.  at 
elev.  270.2 

(5) 

Side  slopes 

Irregular  U/S  A  0/S 

Vertical  walls  with 

Irregular  base  slopes 
which  are  flatter  than 
3H  to  1Y  slope  below 
downstream  wal 1 . 


(6) 

Zoning 

Unknown 

Unknown 

(7) 

Impervious  core 

Unknown 

Unknown 

(8) 

Cutoff 

Unknown 

Unknown 

(9) 

Grout  curtain 

Probably  none 

Probably  none 

h.  Diversion  and  Regulating  Tunnel - None 


i.  Spillway 

(1) 

Type - 

(2) 

Length  of  weir — 

(3) 

Crest  elevation— 

(4) 

Gates - 

(5) 

U/S  Channel - 

(6) 

D/S  Channel - 

- Stone  masonry 

. 92.2  ft. 

. — 267.3  MSL 

- N0ne 

- - None 

85-ft.  wide  river  at  O.OU15  slope 


j.  Regulating  Outlets  -  Flow  at  the  dam  can  be  regulated  by  insertion  or 
removal  of  stop  logs  at  the  control  structure  at  the  downstream  end 
of  the  millrace.  The  discharge  opening  is  3.9  feet  wide  and,  without 
stop  logs,  is  6.1  feet  high,  with  an  estimated  invert  elevation  of 
263.1.  Normally,  there  are  3.3  feet  of  stop  logs  at  the  outlet, 
setting  the  normal  weir  crest  at  elevation  266.4.  There  is  an 
uncontrolled  overflow  spillway  from  the  millrace  to  the  Squannacook 
River  located  approximately  23  feet  upstream  from  the  downstream 
millrace  control  structure.  The  overflow  spillway  crest  is  at  eleva¬ 
tion  268.3  and  is  approximately  18  feet  long. 
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SECTION  2.  ENGINEERING  DATA 


2.1  Design  Records  -  No  design  records  were  located  for  the  Townsend 
Harbor  Dam. 

2.2  Construction  Records  -  No  records  of  the  original  construction  were 
located. 

2.3  Operation  Records  -  No  operational  records  were  located  for  the  dam. 

2.4  Evaluation 


a.  Avai 1 abi 1 i ty  -  No  records  for  the  dam  other  than  prior  inspection 
reports  were  located. 

b.  Validity  -  There  are  no  known  design,  construction  or  operating 
records. 

c.  Adequacy  -  The  absence  of  known  records  requires  that  the  eva¬ 
luation  of  the  dam  during  this  investigation  be  based  on  the  visual 
examination  described  in  the  following  section. 
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SECTION  3:  VISUAL  INSPECTION 


3.1  Findings 

a.  General  -  The  Phase  I  visual  examination  of  Townsend  Harbor  Dam 
was  conducted  on  15  November  1978.  In  general ,  the  structures 
were  observed  to  be  in  fair  condition.  It  should  be  noted  that 
the  only  pond  drain  for  this  structure  is  the  millrace  channel. 

Visual  inspection  checklists  for  the  dam  are  included  in 
Appendix  A,  and  selected  photographs  are  given  in  Appendix  C. 

b.  Dam  and  Spillway  -  The  spillway,  and  the  earth  embankments  on  each 
side  of  it,  show  no  visual  evidence  of  major  lateral  movement  or 
settlement.  The  open-joint  stone-masonry  spillway  and  the  left 
wall  between  the  dam  and  South  Harbor  Road  appear  to  be  stable. 

The  walls  to  the  right  of  the  spillway  are  in  fair  condition. 

Minor  seepage  is  present  at  the  juncture  of  the  spillway  and 
downstream  wall  parallel  to  the  crest  of  the  embankment,  while 
portions  of  the  flared  downstream  wall  are  displaced.  The 

earth  embankment  located  to  the  right  of  the  spillway  is 
generally  in  fair  condition,  with  no  visual  evidence  of  major 
erosion  or  seepage. 

The  following  specific  items  were  noted: 

1.  Quarry  stone  debris  just  downstream  of  the  spillway 
on  the  left  side  appears  to  be  apron  stone  which  may 
have  been  broken  or  dislodged  from  the  apron  and 
moved  downstream.  It  appears  that  some  of  the 
pieces  from  the  apron  have  been  used  as  protection  for 
the  right  wing  wall  of  the  South  Harbor  Road 

bridge. 

2.  Much  of  the  right  embankment  surface  is  mowed  lawn,  but 
there  is  considerable  growth  of  brush  and  trees  on  the 
downstream  face  and  near  the  spillway.  Leaves  and  branches 
have  been  dumped  on  part  of  the  downstream  face. 

3.  There  is  local  slight  erosion  of  the  right  embankment  at 
the  end  of  the  short  downstream  masonry  wall. 

4.  There  is  slight  water  flow  through  joints,  as  shown  in  Photo 
12,  in  the  right  downstream  masonry  wall  which  is  parallel 
to  the  embankment  crest. 

5.  The  crest  of  the  right  dam  embankment  is  irregular,  and  Is 
slightly  low  immediately  behind  the  masonry  wall  at  the 
spillway. 

6.  There  is  some  brush  growth  in  the  channel  downstream  of  the 
spillway. 

7.  The  right  downstream  flared  stone  masonry  wall  has  areas  of 
displaced  stones. 
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c.  Appurtenant  Structures  -  The  stone-masonry  wall  just  upstream  of  the 
mi 11  race  entrance  at  the  railroad  bridge  is  in  good  condition. 

Heavy  brush,  however,  was  observed  along  both  sides.  The  mi 11  race 
dike  is  in  poor  condition,  due  to  extensive  erosion  and  other  defi¬ 
ciencies.  The  upstream  mill  race  control  structure  was  in  good  con¬ 
dition,  but  the  stop-log  guides  were  in  poor  condition.  Ho  stop  logs 
were  observed.  The  mi 11  race  downstream  of  South  Harbor  Road  and  the 
downstream  control  structure  are  of  concrete  and  are  in  good  con¬ 
dition.  Submerged  stop  logs  were  observed  at  this  structure  during 
the  site  visit.  The  overflow  spillway  on  the  right  side  of  the 

mi 11  race  is  in  good  condition  with  minor  vegetation  at  the  crest.  On 
the  left  side  of  the  channel  just  upstream  of  the  downstream 
control  structure  there  is  evidence  of  a  former  continuation  of  the 
mi 11  race  through  the  buildings  located  downstream  along  the  left 
river  bank. 

The  following  additional  specific  items  were  noted: 

1.  The  mi 11  race  dike  has  major  erosion  loss  near  the  corner  of 
the  old  grist  mill  and  behind  about  half  the  length  of  the 
upstream  stone-masonry  wall.  The  erosion  appears  to  have  been  at 
least  partly  the  result  of  overtopping. 

2.  Part  of  the  mill  race  dike  crest  has  brush  and  tree  growth, 
as  shown  in  Photos  7,  8,  and  9,  while  the  eroded  portions 
are  bare  of  any  vegetation. 

3.  There  is  a  large,  partly  stone-filled,  depression  immediately 
below  the  mi 11  race  dike  overflow  spillway,  apparently  the 
result  of  scour  from  past  spillway  flows. 

4.  Slight  seepage  flow  is  emerging  from  under  the  grist  mill 
building  next  to  the  downstream  river  channel.  This  flow  may 
originate  at  the  other  end  of  the  building  basement,  where 
there  would  have  been  a  gated  waterway  connection  to  the 
mill  race. 

d.  Reservoir  Area  -  The  area  around  Harbor  Pond  is  moderately  developed. 
There  appear  to  be  no  structures  below  elevation  270,  but  there  are 
approximately  35  structures  below  elevation  280.  The  side  slopes  of 
the  pond  are  generally  flat  and  swampy.  There  is  no  apparent  poten¬ 
tial  for  significant  landslides  Into  the  pond  which  could  create 
waves  that  might  overtop  the  dam.  Ho  conditions  were  noted  which 
could  result  In  a  sudden  Increase  in  sediment  load  In  the  pond. 

The  Squannacook  River  enters  Harbor  Pond  approximately  3,500  feet 
upstream  (west)  of  the  dam.  The  channel  meanders  slightly,  and  Its 
slope  varies  from  0.05  percent  near  the  pond  to  0.13  percent  near  the 
center  of  the  Town  of  Townsend. 
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e«  Downstream  Channel  -  The  Squannacook  River  downstream  of  the  dam 
is  approximately  85  to  100  feet  wide,  appears  to  be  unobstructed, 
and  has  very  little  development  along  its  banks.  The  slope  is 
approximately  0.13  percent.  There  appear  to  be  two  other  dams 
on  the  Squannacook  River  before  its  confluence  with  the  Nashua 
River,  approximately  7  miles  downstream. 

3.2  Evaluation 


The  masonry  spillway,  side  embankments  and  appurtenances  appear 
to  be  performing  satisfactorily  at  the  present  time.  The  seepage 
observed  at  the  right  masonry  wing  wall  adjacent  to  the  spillway, 
however,  could  cause  future  problems  if  allowed  to  continue. 
Furthermore,  the  limited  mlllrace  dike  freeboard  and  partially- 
unprotected  dike  embankment  appear  to  provide  potential 
for  failure  under  conditions  of  water  levels  which  overtop  the 
embankments. 
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SECTION  4:  OPERATIONAL  PROCEDURES 


4.1  Procedures  -  There  is  no  formal  procedure  for  operation  of  the  dam. 

On  an  informal  basis,  the  Owner  attempts  to  control  flow  over  the 
spillway  by  removing  stop  logs  at  the  downstream  end  of  the 

mi 11  race.  During  extreme  low  flow,  the  Owner  removes  additional 
stop  logs,  releasing  water  impounded  by  the  dam  and  spillway  for  his 
use  as  process  water  at  a  downstream  mill. 

4.2  Maintenance  of  Dam  -  There  is  no  established  formal  maintenance 
program  for  this  dam.  The  operator  indicated  that  the  dam  is 
inspected  twice  a  year  and  maintenance  is  performed  on  a  demand 
basis. 

4.3  Maintenance  of  Operating  Facilities  -  There  is  no  formal  procedure 
for  maintenance  of  operating  facilities  (mi 11  race  control  structures) 

4.4  Description  of  Any  Warning  System  in  Effect  -  There  is  no  established 
warning  system  or  emergency  preparedness  plan  in  effect  for  the  dam. 
The  operator  indicated  that  the  dam  is  observed  during  periods  of 
high  water. 

4.5  Evaluation  -  Formal  operational  procedures  should  be  established  for 
high-flow  conditions  at  the  dam.  Formal  maintenance  programs, 
warning  systems  and  emergency  preparedness  plans  should  also  be 
established.  Periodic  observation  should  be  made,  and  the  tree  and 
brush  growth  at  the  embankments  should  be  brought  under  control. 
Maintenance  of  the  dam  should  be  performed  at  regular  intervals. 


SECTION  5:  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  General  -  Harbor  Pond  is  formed  by  the  Townsend  Harbor  Dam  on  the 
Squannacook  River,  which  is  a  tributary  of  the  Nashua  River 
approximately  7  miles  downstream  of  the  dam.  The  surface  area  of 
the  pond  is  approximately  44  acres  at  spillway  crest  and  approxi¬ 
mately  197  acres  at  the  top  of  the  dam.  The  dam  impounds  approxi¬ 
mately  116  acre-feet  of  water  at  spillway  crest  and  approximately 
273  acre-feet  at  the  top  of  the  dam. 

The  stone  masonry  spillway,  at  crest  elevation  267.3,  is  92.2  feet 
long.  The  low  point  of  the  right  embankment  of  the  dam  is  at  ele¬ 
vation  270.  The  left  embankment,  at  elevation  270.1,  extends  57 
feet  from  the  dam  to  the  railroad  bridge  at  the  entrance  to  the 
mill  race.  The  mill  race  entrance  consists  of  a  box  culvert  16.3 
feet  wide,  6.6  feet  high  and  11.5  feet  long,  with  an  invert  eleva¬ 
tion  of  263.1. 

There  are  several  means  of  discharge  from  the  mill  race,  depending 
on  the  water  surface  elevation.  The  invert  of  the  normal 
discharge  opening,  3.9  feet  wide  and  6.1  feet  high,  is  263.1. 
However,  the  3.3  feet  of  stop  logs  normally  maintained  in  this 
opening  sets  the  normal  operating  weir  at  266.4.  The  overflow 
spillway  upstream  of  the  normal  discharge  opening  is  at  ele¬ 
vation  268.1  and  is  18  feet  long.  The  walls  on  both  sides 
of  the  overflow  spillway  form  an  additional  44.4  feet  of  weir 
at  elevation  269.2.  The  top  of  the  wall  above  the  normal 
discharge  opening  forms  an  additional  15-foot  weir  at  elevation 
270.2.  The  side  wall  of  the  remainder  of  the  mi 11  race,  upstream 
of  South  Harbor  Road,  is  at  elevation  272.1. 

b.  Design  Data  -  No  hydraulic/hydrologic  design  data  are  available  for 
the  dam. 

c.  Experience  Data  -  A  newspaper  report  indicates  that  the  dam  and 
South  Harbor  Road  bridge  were  "washed  out"  during  the  1936  flood 
and  were  rebuilt  in  1937.  The  report  further  states  that  the  dam 
was  repaired  after  the  1938  hurricane. 

USGS  Gaging  Station  01096000  has  recorded  Squannacook  River  flows 
approximately  2  miles  downstream  of  the  dam  since  October  1949. 

The  drainage  area  tributary  to  the  gage  is  62.8  square  miles, 
which  is  only  4.6  square  miles  more  than  that  tributary  to  the  dam 
site.  Flows  recorded  at  the  gage,  therefore,  should  be  only 
slightly  greater  than  flows  at  the  dam  site.  Some  of  the  larger 
flows  recorded  at  the  gage  have  been:  4,010  cfs  (October  16, 

1955);  2,760  cfs  (March  14,  1977);  2,340  cfs  (April  2,  1962); 
and  2,260  cfs  (March  19,  1968). 

d.  Visual  Observations  -  The  pond  level  was  at  spillway  crest  at  the 
time  of  inspection.  The  ml 11  race  and  downstream  channel  appeared 
to  be  In  good  hydraulic  condition,  with  the  exception  of  some 
vegetation  in  the  river  bed. 
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e.  Test  Flood  Analysis  -  Based  on  the  Corps  of  Engineers  guidelines, 
the  recommended  test  flood  for  the  size  (small)  and  hazard  poten¬ 
tial  (significant)  is  between  the  100-year  flood  and  one-half  of 
the  Probable  Maximum  Flood  (PMF).  The  1/4  PMF  was  adopted  as  the 
test  flood  and  was  determined  using  Corps  of  Engineers  guidelines 
for  "Estimating  Maximum  Probable  Discharge"  in  Phase  I  Dam 
Safety  Investigations.  The  watershed  terrain  is  characterized  as 
rolling,  and  a  PMF  inflow  rate  of  1,100  cubic  feet  per  second 
(cfs)  per  square  mile  was  adopted  for  the  58.3-square-mile 
drainage  area.  The  resulting  test-flood  inflow  is  16,000  cfs. 

Initial  surcharge-storage  routing  of  the  test-flood  inflow 
through  Harbor  Pond  resulted  in  a  peak  test-flood  outflow  of 
14,840  cfs  at  a  surcharge  pond  stage  of  275.9  feet  above  NGVD. 

Stage  discharge  relationships,  presented  in  Appendix  D,  include 
the  discharge  capacity  of  the  mill  race.  Due  to  the  indicated 
tailwater  elevation  of  275.7,  further  analysis  was  performed 
to  account  for  submergence.  The  subsequent  surcharge-storage 
routing  resulted  in  a  peak  test-flood  outflow  of  14,610  cfs 
at  a  surcharge  pond  stage  of  277.5  feet  above  NGVD.  At  this 
stage,  which  is  10.2  feet  above  the  spillway  crest,  the  dam  will  be 
overtopped  by  7.5  feet.  The  spillway  capacity  at  test  flood  is 
approximately  6,320  cfs,  and  the  tailwater  elevation  is  approxi¬ 
mately  275.0. 

f.  Dam  Failure  Analysis  -  Dam  failure  analysis  was  performed  in  order 
to  assess  the  downstream  hazards  in  the  event  of  dam  failure.  A 
peak  failure  outflow  of  approximately  3,130  cfs  was  estimated 
based  on  a  breach  width  of  approximately  37  feet  and  with  the  pond 
at  the  top  of  the  dam  (270.0  feet  above  NGVD),  which  is  2.7 

feet  above  the  spillway  crest.  Water  flowing  2.7  feet  deep  over 
the  spillway  is  equivalent  to  a  flow  of  1,430  cfs.  Such  a  wet- 
weather  flow  would  produce  flooding  conditions  downstream  prior  to 
dam  failure.  While  this  flooding  would  not  be  expected  to 
endanger  lives  downstream,  it  is  estimated  that  the  sudden  release 
of  an  additional  1,700  cfs  in  a  dam  failure  would  severely  damage 
the  building  on  the  left  bank  just  downstream  of  the  South  Harbor 
Road  bridge  with  potential  loss  of  a  few  lives.  Approximately 
1.6  miles  downstream,  a  building  on  Trout  Brook  in  the  right  flood 
plain  of  the  Squannacook  River  would  also  be  flooded  by  the  dam- 
failure  flow.  Accordingly,  Townsend  Harbor  Dam  is  classified  as 
having  a  "significant"  hazard  potential. 


SECTION  6:  STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observation  -  There  was  no  visible  evidence  of  spillway  or 
dam  embankment  instability  during  the  site  examination  of  15 
November  1978.  The  observed  locations  of  slight  seepage  at  the 
right  end  of  the  spillway  and  under  the  old  grist  mill  building 
showed  no  evidence  of  soil  movement,  and  are  not  considered  to 
pose  an  immediate  hazard  to  the  stability  of  the  downstream  faces 
of  the  embankments. 

b.  Design  and  Construction  -  There  are  neither  design  drawings  nor 
construction  data  which  would  show  the  embankment  cross  sections 
or  the  physical  properties  of  the  materials  in  the  embankments. 
Thus,  theoretical  analyses  of  the  structural  stability  of  the  dam 
embankments  are  not  possible. 

The  embankments  have  had  a  long  period  of  service,  and,  in  the 
absence  of  seepage  or  erosion  problems,  would  be  expected  to  be 
adequately  stable  under  static  loading  conditions. 

c.  Operating  Records  -  No  operating  records,  other  than  state 
and  county  inspection  reports,  were  located. 

d.  Post-Construction  Changes  -  The  dam  was  constructed  in  1870 

(the  date  inscribed  on  the  face  of  the  spillway)  to  provide  addi¬ 
tional  power  for  the  Spaulding  Leatherboard  Company.  The  presence 
of  a  concrete  mill  race,  concrete  control  structures  and  grouted 
stone-masonry  walls  upstream  of  the  spillway  further  Indicate  that 
post-construction  changes  have  been  made  to  the  dam. 

e.  Seismic  Stability  -  The  dam  is  located  in  seismic  zone  No.  2  and, 
in  accordance  with  recommended  Phase  I  Guidelines,  does  not 
warrant  seismic  analysis. 


SECTION  7:  ASSESSMENTS,  RECOMMENDATIONS 
AND  REMEDIAL  MEASURES 

7.1  Dam  Assessment 

a.  Condition  -  The  visual  examination  of  the  Townsend  Harbor  Dam  and 
dike  embankments  did  not  reveal  any  evidence  of  failure  or  con¬ 
ditions  which  would  warrant  urgent  remedial  treatment.  However, 
because  of  the  need  for  maintenance  and  additional  investigations  that 
are  outlined  hereinafter  and  the  limited  capacity  of  the  spillway, 

the  project  is  considered  to  be  in  only  fair  condition. 

b.  Adequacy  of  Information  -  All  of  the  information  for  the  Phase  I 
Investigation  had  to  be  obtained  from  visual  examination  and  limited 
measurements  at  the  site.  This  information  has  been  sufficient  for 
the  purpose  of  this  investigation,  but  it  does  not  permit  detailed 
evaluation  of  stability  or  seepage. 

c.  Urgency  -  The  recommended  additional  investigations  and  remedial 
measures  outlined  in  Sections  7.2  and  7.3,  respectively,  should 
be  undertaken  within  one  year  of  receipt  of  the  report  by  the 
Owner. 

d.  Need  for  Additional  Investigations  -  Additional  investigations 
should  be  performed  by  the  Owner  as  outlined  in  the  following 
section. 

7.2  Recommendations  -  It  is  recommended  that  the  Owner  engage  a 

registered  professional  engineer  to  perform  the  following  additional 

investigations: 

1.  A  detailed  hydrologic-hydraulic  investigation  to  determine  the  adequacy 
of  the  spillway  and  any  necessary  modifications  to  the  facility  to  pro¬ 
vide  adequate  capacity,  taking  into  account  the  sumbergence  of 

the  dam. 

2.  An  investigation  of  the  mill  race  geometry,  controls  and  operation 
to  determine  a  practicable  means  of  protection  against  over¬ 
topping  and  subsequent  erosion  damage  to  the  mill  race  dike. 

3.  An  Investigation  of  the  seepage  that  is  emerging  from  under  the 
old  grist  mill  building  and  at  the  masonry  wall  to  the  right  of  the 
spillway,  to  determine  what  corrective  or  control  measures  may  be 
necessary. 

7.3  Remedial  Measures 


a.  Operation  and  Maintenance  Procedures  -  It  Is  recommended  that 
the  following  remedial  work  be  undertaken  by  the  Owner,  in  addi¬ 
tion  to  the  Investigations  outlined  In  Section  7.2,  to  correct 
deficiencies  noted  during  the  visual  examination: 

(1)  Clear  brush,  trees  and  debris  from  the  dam  and  dike  embank¬ 
ments  Including  stump  removal  and  backfilling,  and  cut  grass 
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and  weeds  on  the  embankments  at  least  once  a  year.  Clearing 
of  the  gradual  slope  below  the  mi 11  race  dike  downstream  wall 
is  not  necessary  beyond  10  ft.  from  the  wall. 

(2)  Restore  displaced  apron  stones  at  the  downstream  face  of  the 
spillway. 

(3)  Fill  area  of  local  erosion  in  the  right  embankment  at  the 
end  of  the  short  downstream  masonry  wall  and  bring  crest  of 
embankment  behind  the  wall  to  grade. 

(4)  Reset  displaced  stones  in  right  downstream  flared  stone 
masonry  wall. 

(5)  Restore  low  and  eroded  areas  in  the  mi 11  race  dike 
embankment  and  re-establish  vegetative  cover.  Work  on  the 
mill  race  dike  would  be  subject  to  the  results  of  the 

mill  race  investigation  under  Section  7.2. 

(6)  Clear  brush  from  channel  immediately  downstream  of  spillway. 

(7)  Place  additional  stone  protection  or  dumped  riprap  in 
depression  at  discharge  end  of  millrace  overflow  spillway. 

(8)  Establish  a  formal  maintenance  program,  operational  proce¬ 
dures  and  emergency  preparedness  plan  and  warning  system. 

The  Owner  should  continue  his  program  of  technical  inspections. 

These  inspections  should  be  made  at  least  at  yearly  intervals. 


7.4  Alternatives  -  There  are  no  practical  alternatives  recommended. 


} 
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INSPECTION  TEAM  ORGANIZATION  AND  CHECK  LIST 
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VISUAL  INSPECTION  PARTY  ORGANIZATION  A-l 

VISUAL  INSPECTION  CHECK  LIST 

Embankment*  Right  of  Spillway  A-2 

Embankment:  Dike  between  Millrace  and  Spillway  A-3 

Spillway  A-4 

Spillway  (cont'd)  A-5 

Outlet  Works  A-6 


VISUAL  INSPECTION  PARTY  ORGANIZATION 
NATIONAL  DAM  INSPECTION  PROGRAM 


DAM:  Townsend  Harbor 


DATE  :  15  November,  1978 


TIME  :  3:30  PM 


WEATHER:  Clear  and  cool —  40  to  45  F. 


WATER  SURFACE  ELEVATION  UPSTREAM:  267.3  (at  spillway  crest) 

3/2 

STREAM  FLOW:  (3.33) (3.9*) (0.75')  =  8.4  cfs 


INSPECTION  PARTY: 

1  .  Robert  P.  Howard  -  Structural  &  Operation 


2 .  Charles  E.  Fuller  -  Hydraulics  &  Hydrology 

3 .  Joseph  E,  Downing  -  Ass't.  Hydraulics  &  Hydrology 

4 .  A.  Ulvi  Gulbey  -  Ass't.  Hydraulics  &  Hydrology 

5 .  Peter  L.  LeCount  (H  &  A)  -  Soils 


PRESENT  DURING  INSPECTION: 

I  .  A.  E.  Irelan  -  Project  Engineer,  Hollingsworth  &  Vose  Co. 


VISUAL  INSPECTION  CHECK  LIST 

NATIONAL  DAM  INSPECTION  PROGRAM 

OAM :  Townsend  Harbor 

DATE:  H/15/78 

EMBANKMENT:  (Rt.  of  SDillwav) 

CHECK  LIST 

CONDITION 

1.  Upstream  Slope 

1. 

a.  Vegetation 

a.  Grass  (lawn) 

b.  Sloughing  or  Erosion 

b.  None  evident 

c.  Rock  Slope  Protection  - 

c.  None 

Riprap  Failures 

d.  None  observed 

d.  Animal  Burrows 

2.  Crest 

a.  Grass,  scattered  brush,  tree,  two 

a.  Vegetation 

stumps. 

b.  Sloughing  or  Erosion 

b.  Grass  intact,  but  irregular  shape 

c.  Surface  cracks 

c.  None  evident 

d.  Movement  or  Settlement 

d.  Not  evident-irregular  shape 

3.  Downstream  Slope 

3. 

a.  Vegetation 

a.  Mostly  brush  &  trees,  some  dumped 

b.  Sloughing  or  Erosion 

leaves,  branches,  etc. 

c.  Surface  cracks 

b.  Irregular  shape,  local  slight  eros. 

d.  Animal  Burrows 

from  runoff  at  end  of  masonry 

e.  Movement  or  Cracking  near 

wingwall. 

toe 

c.  None  evident 

f.  Unusual  Embankment  or 

d.  None  evident 

Downstream  Seepage 

e.  None  evident 

g.  Piping  or  Boils 

f.  Slight  flow  thru  masonry  wall  joints 

h.  Foundation  Drainage  Features 

close  to  spillway. 

i.  Toe  Drains 

g.  None  evident 

h.  None  evident 

4.  General 

i.  None 

a.  Lateral  Movement 

b.  Vertical  Alignment 

4. 

c.  Horizontal  Alignment 

a.,  b.,  c.  Irregular  shape  w/o  defined 

d.  Condition  at  Abutments  and 

alignment  or  indication  of  movement. 

at  Structures 

d.  Embank,  si.  low  immed.  behind 

e.  Indications  of  Movement  of 

masonry  wall,  but  no  indication  of 

Structural  Items 

recent  movement. 

f.  Trespassing 

e.  None  evident 

g.  Instrumentation  Systems 

f.  None  evident 

g .  None 
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VISUAL  INSPECTION  CHECK  l T  ST 

NATIONAL  DAM  INSPECTION  PROGRAM 

I  AM  :  Townsend  Harbor 

DATE:  11/15/78 

1  EMBANKMENT:  Dike  between  Millrace  and  Spillway 

CHECK  LIST 

CONDITION 

1.  Upstream  Slope 

1. 

a.  Vegetation 

a.,  b.,  c.,  d.  N. A. -Concrete  canal  wall 

b.  Sloughing  or  Erosion 

c.  Rock  Slope  Protection  - 

2. 

Riprap  Failures 

a.  Grass  &  weeds,  few  trees. 

d.  Animal  Burrows 

b.  Erosion  behind  downstream  end  of 

canal  wall-apparently  has  been 

2.  Crest 

ovi  rtnnno  * 

a.  Vegetation 

cl.  On'iv  in  coru  vytfr  canal  overflow 

b.  Sloughing  or  Erosion 

spillway  si  ib. 

c.  Surface  cracks 

d.  Movement  or  Settlement 

3. 

a.  Some  grass,  weeds,  brush  &  trees  - 

3.  Downstream  Slope 

mostly  stone  masonry  wall  or  bare 

a.  Vegetation 

earth. 

i  b.  Sloughing  or  Erosion 

b.  Erosion  due  to  surface  runoff  at 

c.  Surface  cracks 

corner  of  bldg. ,  possibly  due  to 

d.  Animal  Burrows 

overtopping. 

e.  Movement  or  Cracking  near 

c.  Not  evident 

toe 

d.  None  observed 

f.  Unusual  Embankment  or 

e.  None  observed 

Downstream  Seepage 

f.  Ponded  seepage  in  rear  of  old 

g.  Piping  or  Boils 

•■•Hi  -•>  :  formerly  feu  >*»•  > 

h.  Foundation  Drainage  Feature.. 

r  1  . 

i.  Toe  Drains 

g.  None  observed 

h.  None  observed 

4.  General 

i.  None 

.  .  Lateral  Movement 

b.  Vertical  Alignment 

4. 

c.  Horizontal  Alignment 

a.  Not  evident 

d.  Condition  at  Abutments  and 

b.,  c.  Irregular  shape 

at  Structures 

d.  Local  erosion  from  overtopping. 

e.  Indications  of  Movement  of 

e.  Slight  settlement  toward  end  of 

Structural  Items 

overflow  spillway  slab. 

f.  Trespassing 

f.  Scattered  trash  &  cans 

g.  Instrumentation  Systems 

■ 

i 

g.  None 

1 

-  -  i 
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VISUAL  INSPECTION  CHECK  l I  ST 
NATIONAL  OAM  INSPECTION  PROGRAM 


I  AM :  Townsend  Harbor  _  _  DATE :  11/15/78 


•  EMBANKMENT : 
CHECK  LIST 


Dike  between  Millrace  and  Spillway 

1  CONDITION 


1.  Upstream  Slope 

a.  Vegetation 

b.  Sloughing  or  Erosion 

c.  Rock  Slope  Protection  - 

Riprap  Failures 

d.  Animal  Burrows 


1. 

a.,  b.,  c.,  d.  N. A. -Concrete  canal  wall 

2. 

a.  Grass  &  weeds,  few  trees. 

b.  Erosion  behind  downstream  end  of 


2.  Crest 

a.  Vegetation 

b.  Sloughing  or  Erosion 

c.  Surface  cracks 

d.  Movement  or  Settlement 


canal  wall-apparently  has  been 

r>\/i  rrrvmo  ’ 

d.  Ojviv  j'r  concrete-  canal  overflow 
spillway  si  ib. 


3.  Downstream  Slope 

a.  Vegetation 

b.  Sloughing  or  Erosion 

c.  Surface  cracks 

d.  Animal  Burrows 

e.  Movement  or  Cracking  near 

toe 

f.  Unusual  Embankment  or 

Downstream  Seepage 

g.  Piping  or  Boils 

h.  Foundation  Drainage  Feature. 

i.  Toe  Drains 


[4.  General 

.  .  Lateral  Movement 

b.  Vertical  Alignment 

c.  Horizontal  Alignment 

d.  Condition  at  Abutments  and 

at  Structures 

e.  Indications  of  Movement  of 

Structural  Items 

f.  Trespassing 

g.  Instrumentation  Systems 
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a.  Some  grass,  weeds,  brush  &  trees  - 
mostly  stone  masonry  wall  or  bare 
earth. 

b.  Erosion  due  to  surface  runoff  at 
corner  of  bldg. ,  possibly  due  to 
overtopping. 

c.  Not  evident 

d.  None  observed 

e.  None  observed 

f.  Ponded  seepage  in  rear  of  old 

HI-  -.■>  formerly  feu  J>» 

e  «iii  a  1  . 

g.  None  observed 

h.  None  observed 

i.  None 


a.  Not  evident 

b. ,  c.  Irregular  shape 

d.  Local  erosion  from  overtopping. 

e.  Slight  settlement  toward  end  of 
overflow  spillway  slab. 

f.  Scattered  trash  &  cans 

g.  None 
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VISUAL  INSPECTION  CHECK  LIST 
NATIONAL  DAM  INSPECTION  PROGRAM 


DAM:  TOWNSEND  HARBOR  DATE  :  15  NOVEMBER  1978 


SPILLWAY: 


CHECK  LIST 

CONDITION 

1 .  Approach  Channel 

1. 

a.  General  Condition 

a.  Good. 

b.  Obstructions 

b.  None. 

c.  Log  Boom  etc. 

c.  None. 

2.  Weir 

2. 

a.  Flashboards 

a.  None. 

b.  Weir  Elev.  Control  (Gate) 

b.  N/A  see  Outlet  Works. 

c.  Vegetation 

c.  Minor  growth  in  joints  of  cut  quarry 

d.  Seepage  or  Efflorescence 

stone  face. 

e.  Rust  or  Stains 

d.  None  observed. 

f.  Cracks 

e.  None  observed. 

g.  Condition  of  Joints 

f.  None  observed. 

h.  Spalls,  Voids  or  Erosion 

g.  Wall  is  ungrouted  cut  quarry  stone. 

i.  Visible  Reinforcement 

one  stone  has  an  1870  date  inscribed 

j.  General  Struct.  Condition 

h.  N/A. 

i.  N/A. 

3.  Discharge  Channel 

j.  Good. 

a.  Apron 

b.  Stilling  Basin 

c.  Channel  Floor 

3. 

d.  Vegetation 

a.  Two  courses  of  cut  quarry  stone  slal 

e.  Seepage 

near  face  of  dam  stepping  down  to  one 

f.  Obstructions 

course.  These  quarry  stones  Appear  to 

g.  General  Stuct.  Condition 

have  been  broken  and  washed  downstream. 

Some  pieces  have  been  used  as  protectioi 

4.  Walls 

of  bridge  wing  wall. 

a.  Wall  Location  Lt.  &  Rt. 

bo  N/A. 

(1)  Vegetation 

c.  Earth. 

(2)  Seepage  or  Efflorescence 

d.  Heavy  brush  growth  in  channel  down- 

(3)  Rust  or  Stains 

stream. 

(4)  Cracks 

e.  None  observed. 

(5)  Condition  of  Joints 

f.  Quarry  stone  debris  left  side 

(6)  Spalls,  Voids  or  Erosion 

appears  to  be  apron  stone. 

(7)  Visible  Reinforcement 

g.  Good. 

(8)  General  Struct. Condition 

H  O 

a.  (1)  None  observed. 

(2)  Seepage  at  base  of  rt.  wall  that 

runs  parallel  with  spillway. 

(3)  None  observed. 

(A)  None  observed. 

(5)  Grouted  cut  stone  block  walls 

upstream  of  spillway  need  re- 

grouting.  Downstream  walls  are 

ungrouted  cut  stone  block  walls. 

Conditions  of  joints  are  good. 

(6)  None  observed. 
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VISUAL  INSPECTION  CHECK  LIST 
NATIONAL  DAM  INSPECTION  PROGRAM 


DAM :  TOWNSt 
SPILLWAY:' 


CHECK  LIST 


_ _  PATE:  15  NOVEMBER  197K 


CONDITION 


A.  (7)  N/A.  - 

(8)  Good  except  rt.  wall  downstream 
of  spillway  is  in  poor  condition. 


VISUAL  INSPECTION  CHECK  LIST 
NATIONAL  DAM  INSPECTION  PROGRAM 


DAM:  TOWNSEND  HARBOR _ _  DATE:  15  NOVEMBER  1978 


OUTLET  WORKS:  MIILEACE 


CHECK  LIST 

CONDITION 

1.  Inlet 

a.  Obstructions 

b.  Channel 

c.  Structure 

d.  Screens 

e.  Stop  Logs 

f.  Gates 

2.  Control  Facility 

a.  Structure 

b.  Screens 

c.  Stop  Logs 

d.  Gates 

e.  Conduit 

f.  Seepage  or  Leaks 

3.  Outlet 

a.  Structure 

b.  Erosion  or  Cavitation 

c.  Obstructions 

d.  Seepage  or  Leaks 

4.  Mechanical  and  Electrical 

a.  Crane  Hoist 

b.  Hydraulic  System 

c.  Service  Power 

d.  Emergency  Power 

e.  Lighting 

f.  Lightning  Protection 

5.  Others 

1. 

a.  None. 

b.  Submerged. 

c.  Railroad  bridge  abutments  show 
repairs  and  modifications.  Upstr^ai.. 
edge  of  concrete  seat  on  ft.  abut¬ 
ment  is  badly  cracked  and  separat¬ 
ing  from  abutment. 

d.  None. 

e .  None . 

f.  None. 

2. 

a.  Upstream  Control  Facility 

a.  Good  condition. 

b.  None. 

c.  Submerged,  guides  in  poor 
condition. 

d.  None. 

e.  None. 

f.  N/A. 

2. 

b.  Downstream  Control  Facility 

a.  Good  condition,  some  minor 
erosion  of  concrete. 

b .  None . 

c.  Submerged. 

d.  None. 

e .  None . 

f.  None  observed. 

3. 

a.  Good  condition. 

b.  None  observed. 

c.  None  observed. 

d.  None  observed. 

4.  N/A. 

5.  Spillway  on  right  side  of  channel 
in  good  condition  with  some  minor 
growth.  Spillway  on  left  side  of 
channel  has  been  abandoned. 
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APPENDIX  B 


LIST  OF  AVAILABLE  DOCUMENTS  AND 
PRIOR  INSPECTION  REPORTS 


LIST  OF  AVAILABLE  DOCUMENTS 


PRIOR  INSPECTION  REPORTS 
PATE  BY 

July  18,  1961  Middlesex  County  Engineering  B-2  to  B-10 

Department 

September  6,  1973  Mass.  Dept,  of  Public  Works,  B-ll  to  B-16 

includes  Description  of  Dam 


DRAWINGS 

Plan  and  Sections  of  Townsend  Harbor  Dam  and  B-17 

Millrace 


LIST  OF  AVAILABLE  DOCUMENTS 


Survey  plan  No.  3048,  at  1"  =  40  ft.  scale,  prepared  for 
Hollingsworth  &  Vose  Company  by  Charles  A.  Perkins  Co., 
Engineers  &  Surveyors,  Littleton,  Mass.,  November  1961. 
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■  To',  ms  end,  Mass 


DAM  MO.  E-l 


LOC'T"  ;M  int.  Main  St.  &  Harbor  Rd.  STREAM  Sguannacook  River 

MIDDLESEX  CCUIiTY  ENGINEERING  DEPARTMENT 
CAMBRIDGE ,  MASSACHUSETTS 


DAM  INSPECTION  REPORT 


Owned  by  Mr,  Akslla _ 

Inspected  by  Richard  D.  Howard 
Type  of  Dcce  Stone  Overflow _ 


P 1  ac  erownsend  Harbor,  Mass.’J  s  s  Hone  at  Present 
Date  7-18-61 


SPILLWAY  Length  92' _ 

Rlashbaards  in  Place  None 
Condition  Excellent 


Repairs  Needed 


EMBANKMENT  Length  None-. 


Condition  Good 


Ht .  to  Top  Erab.  Section  ^ • 5 1 


Kt.  of 


Recent  Repairs  None 


Height 


■  Recent  Repalrs_ 

Condition _ 

P.epairc  Headed 


Nucaber  2  (in  Canal) _ Size  5 '  —  6"  x  5'-§"  Types  Stop  log 


Recent  Repairs  None 


Condition 


Not  operating  --  remain  open 


Repairs  Needed  None 


LEAKS  Detailed  Description  and  Location  on  Back  of  Sheet 


How  Serlou3 


DATE: _ 7-18-61 _  r  /j 

Signacure  inspecting  Engineer 

i>-c.  Action  -  See  Back  of  Sheet  _ Engineer,  Metcalf  &  Eddy 


r/3 


Special  Remarks  and  Characteristics  on  Back  of  Sheet 
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METCALF  *  EDDY 


(N&INIIM 

boston  mass  E~1 

J-Mcc  Darns 

ctr/cv 

8/31/61 


REPORT 

UPON 

TOWNSEND  HARBOR  DAM 
TOWNSEND  HARBOR,  MASSACHUSETTS 


General 

The  Townsend  Harbor  Dam  across  the  Squannacook  River  Is 
located  at  Townsend  Harbor  about  200  feet  southwest  of  the  Inter¬ 
section  of  Main  Street  and  Harbor  Road.  The  dam  is  an  over¬ 
flow  type  structure  of  stone  masonry  construction.  The  dam  is 
not  used  x’or  any  purpose .  A  canal,  about  100  feet  from  the 
left  abutment  of  Hie  dam,  runs  parallel  to  the  river.  The 
entrance  to  the  canal  is  Just  upstream  from  the  left  dam  abut¬ 
ment.  A  Boston  and  Maine  Railroad  track  runs  parallel  to  the 
canal  about  70  feet  from  the  left  end  of  the  dam. 

The  spillway  is  about  6.2  feet  high  and  92  feet  long. 

The  depth  of  the  spillway  at  the  crest  is  4.5  feet.  Due  to 
the  elevation  of  the  top  of  the  left  upstream  abutment  wall 
being  1.7  feet  lower,  the  effective  depth  at  the  spillway  crest 
is  2.8  feet.  The  structure  is  a  triangular  crested  type  with 
the  upstream  face  sloping  downward  and  upstream  at  the  rate  of 
0.09  feet  to  the  foot.  The  downstream  face  is  vertical. 

The  abutment  walls  are  of  stone  mas  nry,  2  feet  thick. 

The  left  abutment  wall  forms  a  right  angle  about  20  feet  upstream 
from  the  dam,  runs  parallel  to  the  intake  of  the  canal  and 
connects  to  an  abutment  of  a  railroad  bridge  over  the  canal  intake 
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The  right  abutment  is  U  shaped.  Training  walls  lead  downstream 
from  the  abutments. 

A  frame  building,  named  ''The  Cooperage"  and  used  as  a  gift 
shop,  is  iocated  about  12  feet  downstream  from  the  dam  on  the 
left  bank.  The  structure  extends  over  the  stream  from  the  top 
of  the  training  wall  for  a  distance  of  about  9  feet. 

Conclusions  and  Recommendations. 

1.  The  present  spillway  capacity  of  the  dam  is  about 

one-seventh  the  Rare  Flood  Flow  as  determined  by  the 

Kinnison-Colby  Formula. 

2.  The  dam  may  be  protected  by  the  following  method: 

*  *  a.  Raise  the  tops  of  all  abutment  walls 

at  and  upstream  from  the  dam  to  El.  272.1. 

b.  Extend  the  right  abutment  to  meet  the 

ground  at  El.  272.1. 

c.  Protect  the  abutments  with  stone  riprap. 

Spillway  Capacity  and  Flood  Flows  y 

The  capacity  of  the  92  ft.  long  spillway  is  estimated 
to  be  1290  c.f.s.  without  provision  for  freeboard.  The  canal 
can  divert  a  flow  of  about  130  c.f.s.  making  a  total  of  1420  c.f.s 
The  tributary  drainage  area  is  60.6  square  miles.  The  maximum 
flood  flow  as  estimated  from  the  Kinnison-Colby  Formula  (Rare 
Floods)  is  about  9000  c.f.s.  This  rate  of  flow  is  about  7  times 
the  discharge  Capacity  of  the  spillway  and  about  6-1/2  times 
the  combined  discharge  capacities  of  the  spillway  and  canal. 
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It  is  possible  that  during  a  flood,  the  waterways 
between  the  trestlebents  of  the  railroad  bridge  over  the  entrance 
to  .the  canal  would  become  blocked  with  debris  so  that  diversion 
of  water  by  the  canal  would  become  negligible. 

In  order  for  the  spillway  to  discharge  the  entire 
estimated  rare  flood  flow  of  9000  c.f.s.,  the  head  on  the 
spillway  crest  would  have  to  be  increased  to  10.4  feet.  Due 
to  the  location  and  grade  of  the  railroad  trestle  bridge  there 
appears  to  be  no  practical  way  to  accomplish  this  by  raising 
the  height  of  the  walls  on  the  left  abutment.  The  right  abutment 
wall  would  have  to  be  increased  5.9  feet  in  height  and  extended 
to  Harbor  Road. 


If  the  tops  of  all  the  abutment  walls  were  raised  to 
El.  272.1,  or  the  elevation  of  the  top  of  the  railroad  bridge 
abutments,  the  capacity  of  the  spillway  could  be  increased  to 
about  2900  c.f.s.  or  about  2-1/4  times  the  present  capacity. 

The  right  abutment  walls  could  either  be  extended  into  the 
hillside  3lope  or  a  short  earth  embankment  could  be  constructed 
in  place  of  the  wall  extension. 

Stability  and  Repairs 

The  stability  of  the  structure  is  adequate.  The  condition 
of  the  dam  is  good. 

In  order  to  obtain  a  substantial  increase  in  spillway 
capacity,  the  tops  of  all  abutment  walls  upstream  from  the  dam 
should  be  raised  to  El.  272.1.  These  walls  would  be  raised  0.3 
feet  except  the  upstream  left  abutment  wall  which  would  be 


raised  2.0  feet.  On  the  right  abutment  the  raised  wall  should 
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either  be  extended  a  few  feet  into  the  hillside  slope  or 
connected  to  the  slope  with  an  earth  dike.  The  abutments  on 
both  sides  of  the  dam  should  be  protected  with  stone  riprap. 

On  the  left  abutment  this  stone  protection  may  be  in  the  form  of 
stone  paving  on  the  ground  behind  the  walls  for  a  distance  of 
at  least  10  feet  from  the  backface  of  the  wall.  On  the  right 
abutment  the  junction  of  the  ground  with  the  end  of  the  extended 
wall  together  with  the  ground  on  the  downstream  face  of  the 
wall  should  be  protected  with  dumped  stone  riprap.  If  a 
connecting  earth  dike,  is  used,  it  should  be  completely  covered 
with  stone. 


By: 


Gordon  E.  'fhomas 
Project  Engineer 


APPENDIX  B-7 


Townsend  harbor  dam  £-/  Townsend  Harbor,  mass 
Pictures  taken  July  /8.  /96/ 


IiIS?3Cr.’Io:5  Rt?OR'f  -  DAMS  AND  RESERVOIRS 


f.  ^ 

yftr'' 


(1.)  Locationi  Or-.-y/Toira  T~ g  Wtf  SEMD  Dam  Ho.  _H~  3l  ~  / 

r..23«  of  DF.m*lou»4.6eMt>  UAgttofe  V)a  »  Inspected.  by  ,4.  ?  PI  Z  A  AH- 

^  PA  f?£ 

Data  of  Inapeotlon  1 73 


~'(2)  Cnrora:  par:  Assesses 


Pratr.  Inspection 


Reg.  of  Reeds _ Par3.  Contact  ___________ 

itisLkumm&TH  c^Tm^££m^y^Q^oT^/Mss-oH^ _ JM21L 

Hma  St.  &  No.  -Qi^y/ Town  State  Tol.  Bo, 


2  Jitvti-o.jj-mwi 

Waae 


St.  &:  HO. 


St  o  &:  Ho  • 


City/To wn  State  Tel.  Mo. 

City /Town  State  Tel.  Mo. 


iwrc^'a-  -  atfJUWMBBliMMa  n»  TTr.^.cv^.'.  .» 


'3'  Cars taker;  (if  any)  osg.  superintendent,  plant  manager,  appointed  by 
absentee  owner,  appointed  by  multi  owners. 

_  SAME 

Homo  St.  &  No.  City/Tour.  State  To 

(is)  Ho.  of  Fir. tare?  taken _ _*£ _ „ 


City/Tour.  State  Tel.  Ho. 


(3)  Degree  of  Kaasrd:  (if  -isai  should  fall  completely)* 
1,  Minor  2.  Moderate 


3.  Savor© 


ll.  Disastrous 


•sTtiia  rating  ney  change  as  land  use  change  a  (future  development) 

(6)  Cr.it7.at  Control r  Automatic  _______  Manual  . * 

Operative  ?as:  no. 

r„.^.:.„.Fi-ASHB04ROS  US  §4(H£S&1£&L  &ULUL&L  Coas-tRO, 
»gf. , t , o.i4c principal  s  n  t-  Lkz&L. 


(75  Jo  strewn  ?e.c.o  of  Ci-i: 


C  aisenis : - 


Condition; 

1.  Coed  _ 2.  Minor  Repairs  __ 

3.  Ma'or  Ropalro _ _ ]} .  tJrgout  Repairs^ 


1 


APPENDIX  B-  11 


2 

I  Downs  trassi  Face  of  Cam-  Condition;  i.„ 

3- 


Gooci 

i  ‘j\  \  o 


'jZJr',  i‘J  0 

iZT  2 

Repairs 


.£3z£39- 1 

Minor  Repa  Ira 


Urgant  Repairs 


Comment  •  ? 


2o  Minor  Kopaira_ 


)  Emergency  Spillways  Conditions  ’*•  Good_ 


'i*  Major  Repairs _ 4-  Urgent  Repairs 


Comment;-; ; 


57  ’'.valor  ieve.\  ©  time  of  i nope at ion _ Jf  ■ 

<i  Q  Vj  *  1 v  CiCv  f  _ _  »■  - 

other  _ 


above _ 0~SZ  "bo low 

i.-.vc!  pal  api\lwi\y__ 


Tj  Summary  of  Deficiencies  Ho ted; 

Growth  (Trees  and  Brush «  on  F;nsban>'in?nt_ 
Animal  Burrows  and  Washouts _ 


Damage  fco  slopes  or  top  of  daa_ 
Crashed  or  Damaged  Masonry 


Evidence 

of 

3oopag?_ 

i‘;  id  sue  a 

of 

Piping _ 

Erosion 

ICM  lv"3 

V/i\  A  rv 

:«  •  05 

oy.orj  a 

C  .C;  j:jid 

binct-siA  : 

Co  ■*7:  • 

Lfrt  A 


APPENDIX  B-12 


APPENDIX  B- 13 


pJSDCR'i?TT01?  OP  1  AM 
DISTRICT  £_±_ 

r  ubmittcd  M 

•’a  Se, _ 9rf.  -Ji _ _ 


Pai  Ro.4-?-j.7?-/ _ 

O4rfey/Yovn  To oiut'i 
liana  of  Dam,t>(AiMVsiv/;  t-fiRfrcf- 

- Q&ca - 


location:  Topo  Sheet  Wo0_  2-2  A 


Provide  St>"  x  11"  in  clear  copy  of  topo  nap  with  location  of  Dam 
clearly  indicated,, 


Year  built :  Year/a  of  aubasquent  repairs McmF-  Vfoffl/c 


Purpose  of  Dan:  Water  Supply_ 
Irrigation 


Recreational 

Other 


IT" 


Drainage  Area: _ kO-  L 


SQ.  Mi, 


ACRES. 


■:;rral  ford  in;:  Area:  2d  acros;  Ave  Depth _ 9_' _ 

in  ooimdiaonfci^i-.n  UlC  gala;  [jiQ 

/  “  1 


acre  ft. 


'In,.  and  type  of  dwellings  located  adjacent  tc  pond  or  reservoir_ 
.e,  3ttnwur  bonies  c to . _  ~3> /  Pj  .  Ta  g/iovj _ _ 


Dinars  ion::  of  Dam:  Length  Qo  _  Max.  Height  jc 

Slopes :  Upstream  Face  \/sr  T _ _ 

Downstream  Face  ± _ 


Width  across  top 


1  in  ssi  .flections  of  Dan  by  Materials: 

Earth  „  Cone.  Masonary 

.  Rook fill  ' 


Simoer  >• 


Stone  Masonary_, 
Other  _  ~ 


...  Description  of  present  land  usage  downstream  of  law:  WO  &  rural; 

_  £■£> _ 5"  unban 

i>.  I's  chore  n  storage  area  or  flood  plain  downs troan  of  dam:  which  could 
nccerxiodste  the  impoundment  in  the  event  cf  a  complete  dam  failure 
_ .  yes _ . 


APPENDIX  B-14 


>  t .  i .  :  f  _• r  .1  i  1  it  a  , 

M  ?>  (?e.R 

;  :  •  |'/CN& 

■  //  fyfnsr'i  zhu-wAy 

.  t  V>PeRAn/y6  _6(f  Mi  MJ'  H  ~Q* PaRbLLeL 

.  rtoUF 


/ 


APPENDIX  B-15 


u 


UX-L 


to  life  and  pi’o sr'-!:y  in  event  of  cossolcic  fai.lui'iic 

Mo.  of  j-sopla  2/.  _.££/• _ 3  Pdf). 

Ko.  of  bosses  7 _ _ - 

ITo.  of  busiiioT-^T  HObi&  ■ 

Ho.  of  indvisti'ioa _ 1/ _ .  Type _ _ _ 

Mo.  of  utilities  J  '4&riUQjm i  SV?f£/^)  Yy(Anr  0^1/=/?  ■  C,CiLlv/H 

Sailroads _ £  nPi-e/frit/ifr  ,  FaKAUcL  TO  0A>'y) 

Oth ci’  dac's _  A /<?se  . 

Othoj?  _ " _ 


Attach  sketch  of  sS^-i.  to  this  foi’-r.  uhowing  section  and  plan  S!-a"Xl 


_ .  a.  korl<y  1/ 


j  oiorh 


_ 7<  •jCCT/or'f  \b 

•5  K(=r<  ff  r/°'?  To  *70^1 


APPENDIX  B-I6 


APPENDIX  C 

SELECTED  PHOTOGRAPHS  OF  PROJECT 


LOCATION  PLAN  Page  No. 

Location  of  Photographs  C-l 

PHOTOGRAPHS 

No.  Title  Page  No. 

1.  Overview  of  Dam  from  South  Harbor  Road  Bridge  iv 

2.  View  of  Dam  from  Right  Downstream  Abutment  C-2 

3.  Keystone  in  Downstream  Face  of  Dam  C-2 

4.  View  of  the  "Cooperage"  from  Downstream  Right 

Bank  of  Squannacook  River  C-3 

5.  View  of  South  Harbor  Road  Bridge  and  Downstream 

Channel  from  Left  Abutment  C-3 

6.  View  of  Left  Abutment  and  Millrace  Inlet  with 

Railroad  Crossing  C-4 

7.  View  of  Millrace  Control  Structure  Looking  East 

from  South  Harbor  Road  C-4 

8.  Downstream  Face  of  South  Harbor  Road  over 

Millrace  C-5 

9.  View  of  Downstream  End  of  Millrace  from  South 

Harbor  Road  C-5 

10.  Downstream  Face  of  Millrace  Overflow  Spillway  C-6 

11.  Downstream  Face  of  Millrace  Outlet  C-6 
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Location  of  Photographs 
Townsend  Harbor  Dam 
Townsend,  Massachusetts 


VIEW  OF  THE  "COOPERAGE"  FROM  DOWNSTREAM  RIGHT  BANK 
OF  SQUANNACPOK  RIVER. 


VIEW  OF  SOUTH  HARBOR  ROAD  BRIDGE  AND  DOWNSTREAM 
CHANNEL  FROM  LEFT  ABUTMENT. 
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VIEW  OF  LEFT  ABUTMENT  AND  MILLRACE  INLET  WITH 
RAILROAD  CROSSING. 


VIEW  OF  MILLRACE  CONTROL  STRUCTURE  LOOKING  EAST 
FROM  SOUTH  HARBOR  ROAD. 
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VIEW  OF  DOWNSTREAM  END  OF  MILI.RACE  FROM  SOUTH  HARBOR 
ROAD.  SECOND  RAILROAD  CROSSING  IS  TN  FOREGROUND,  MILI.RACE 
OUTLET  IN  THE  CENTER  AND  OVERFLOW  SPILLWAY  ALONG  RIGHT 
CHANNEL  WALL. 
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12.  SEEPAGE  AT  BOTTOM  OF  RIGHT  WING  WALL  ADJACENT 
TO  SPILLWAY. 
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MAPS 

Drainage  Area  Map  D-l 

Dam  Failure  Impact  Area  Map  D-2 

COMPUTATIONS 

Size  Classification,  Elevations,  Storage  Volumes, 

Dam  Failure  Analysis  D-3 

Test  Flood  D-9 

Millrace  Discharges  D-10 

Stage-Discharge  and  Stage-Storage-Area  Characteristics 
and  Stage-Area  Curve  D-13 
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For  Free-Flow  Conditions  D-15 


Surcharge-Storage  Routing  and  Tailwater  Analysis 
For  Submerged  Conditions 
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DAM  FAILURE  IMPACT 
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H(  *  270.0  -  266.4  »  3.6' 

Etneraency  spillway  :  Cxm  1-8,  Lx-  18',  Hr  *  !•? 

RijjW  b/nK  ■  03*  2  ‘,  u3  =  44.4;  H,  *  ft  a' 

Q=[(AflsX^M'^-3a.a-3.<r]+[(24l*,)f'^9Vj+[(2  <X44.4,)(o.5^]  -  360  cfs 

Qp,'[Qp,  Fro*  Ist  re*^]  +  [860  ef*]«  3,0to  +  360  =  3,420  */, 


Staye  -  Discharge  -  Star.i^c 
Relations  hi fs  at  Cho**r\  Cm--. 

Section  at  tAilirace  Outlet 


Stxae  in  2r<*  read*  when  outflow  is  3,420  cfs  is  ’■ 
u*  *  [2“  - «♦]  *  *«•« 
Storage  in  2nJ  reach  ad-  El.  2CS6  /s  : 

**  *  &fHu*] [*»->■»]»  ai  —  *  ‘V. 


Ar  PC  MI) IX  D-5 


CAMP  DRESSER  ft  McKEE  CLIENT  C*  Q. I 

Environment#!  Enfl*n*«r*  PROJECT  ^  ; 

Bofion,  Mm*  DETAIL 


JOB  NO  < 
OATE  CHECKED. 
CHECKED  BY. 


iso-s-u 


COMPUTED  BY 


PAGE  ,S?  .  pu¬ 
pate  S /  *3 

pnwv  PE  H 


Qp»  *  (<  -  *  442^(l  -  =  3,  3fiO 

Sfaae  in  rsMeA  uahesi  Outfloui  >s  3"  380  cfs  is  ' 

-f  P3iMQ  ~  LZggl  -  2*4]  -  zts.a 
Us*o  -  i,7oo\l  I 

Storage  in  2"^  react  et  £/■  265”.  6  =3.2  a*  - ft.  =  V* 

•  •  Vi  =  V*  •  V3  . ^  Opj  =  Qp,  =  **£  380  cfs  -  Outflow  ^wi  2nd  reac  / 

Ho  bui Idlinjs  in  2"J  re^A,  except  for  +A«  cn<  just  dacon- 
stream  ex  >Som/j(  Harbor  8jsaJ  referred  let  afore,  ujac.  M 
be  affect*^  by  elam  -  fa  ilure  flood 


Third  cbuj/islrea/v  react  ■  from  Mil  trace  Outlet  to  Cross  Section  4 
Qp,  *  3,380  cfs  (trom  2^  react) 


Elevation 
ZSc.4 
260.0 
2U  a 


l)iscia*ye  Oft) 

ShmoeC  -H) 

b 

920 

1,640 

3,010 

S,6  3B 

16-5 

399 

633 

86.  & 

Sfaae  in  3>rtd  react  when  outflow  is  3,380  cfs  is  ■' 

262  +  \\^°  ’JLOiol  f363  -26f\  -  2(2.  | 

[4  63  5  -  3/  O l  O J  L  J 

Storage,  in  3rJ  react  at  El.  262.1  is  : 

433  *  [*s'433]  -■  658  “*  *  * 
=  3,3*0  (1-  /7 j  j  -  3.570  ‘f* 

S'fo^e  (n  3rd  react  loten  outflow  is  2,510  cfs  is 

261  +  fwo-iwn  r 2(2  -2(1 1  =  J6/.7 

I3010  -l,C46j  I  J 

Sforao*  in  31-  react  at  El.  2(1.7  >s  '• 

J  39.9  +  fc£l:.7  ~  2**-o]  1*63,3  -3f.fi  =  S6.3  oc.-ff  =  VJ 
L262.C  -  2<|.oJ  L  J 

^  =  VL?  r  65.6+*6$  -  «../> 

Op, s  ( I  “ ^3)  *  2.C2S  cfs  *  QuiPouj  from  3r<^  react 


APPENDIX  D-6 


CAMP  DRESSER  &  McKEE  CLIENT  COE  JOB  NO  3^0  “S~  11 

Environment*/  Eng.neer.  PRQJ£CTM*m  A»i£££ fiPf\ -  DATE  CHECKED - 

Boston,  Mwt.  QfToii  Touinten  J  Harder  Otm  CHECKED  BY - 1  £SL _  _  computed  by  rr  rL 

S iaae  in  3r ^  reach  when  ouif/ouj  is  3,625  cfs  is  '■ 

261  +  f &&ZS  -1  M£~|  [  ii  z  -  36  ll  ~  3.61.1 

13,616-  1,640  JL  J 

Ntf  bui| dinys  in  3r<^  reach  affected  t>/  dam- failure  flood. 


PAGE 


pourih  doujn  stream  reach  •  F romCress  Section  4  fo  C-rOSS  Section  3 
Of,  =  3, 6 US  cfs  (From  2>rJ  reach) 


Elevation 

Diuharjc  (pftj 

SbruaeUcrfr 

252 

2S4 

235 

236 

_ 

0 

3l<5 

910 
1,960 
3.5.4.Q. _ 

~o 

A8.1 

13.0 

914 

121-7 

Stye  in  4"*^  r«ne  h  vjhen  outflow  IS  2,626  cfs  is  ■ 

254  +  [dS^ZJO?££-\  [ 2S7 - 2S6\  s  256.-4 

[3,54°  -  1,960 \  L  J 

SffiPaqff  1/1  4**  read,  ah  El.  2 S6.  4  is  ; 

?74  +  P S6.4- Of 6.0] r 1 2,.7 .  fZfj  -  1,57  ,  -  V, 

[2S7.<5-2S4oJL  J 

&Pt-Qp,(l-4)=  1^5  *fs 

sw  in  A^reack  uik^n  out  fie  w  is  l/545c^J  is  : 

«r  *  [tsf^iF^-255] = *«• 4 

Storage  in  4*  neatA  «+  £(.  2556  is  ' 

+  [ fffrf  *7.4  -  73.o]  =  87.6—  //.  =  v, 

^^jeiLLiK,  ?74  ^ 

( I  -  27^)  ~  cfs  *  Outflow  -fir»ir  reach 

Shaejc  in  4^  reach  tahen  outflow  is  1,690  cfs  is  '■ 

iss  4  [I #f  :?£][*«-  H  •  255-7 


N<?  bulIJin^s  in  4^  reach  affected  t/  Jam ‘failure  flood. 


APPENDIX  D-7 


CAMP  ORESSER  ft  McKEE 
Environment^  Engineers 
Boston,  M ess. 


COE 

•  Dam  Xr> 


project  Tnspe cbo* 


DETAIL HgrLf 


X)B  NO  3^0  ~  £l/  f 
.  nATE  CHECKED,  6 


CHECKED  BY 


PAGE-^~  Sf  J4 
OATtTZJfn? 

pTh 


FifU  J  ouinskream  re  etc  h  -  From  Cross  Sack  on  3  ■fe  Crass  Seeker  2 

=  1,69c*  of-S  (From  4*^  rtf  <tc  k) 


Elevation 

Discharge  (*fi) 

XA1H 
ZS6.0 
257.0 
252. 0 
253.0 

<6 

2S0 

A3S 

1,4  to 
—Z99S 

~<S> 

s.e 

49 C 
43.S 
- 137-4 

is  • 
2S2.2 


in  5+k  reach  noken  out  f  loco  is  1,490  cfs 
zsi  2 
Sj-eraoe  in  S*  reach  at  El.  2SZ.2  is  : 

-*“]  •  i =  k 

Qp,=  Q,.  ('  -  4)  --  l,(K  (|  --  1,055  c{, 

SfiMe  in  5*  reach  when  outflouj  is  l,oSg  cfj  ij  : 


25 )  + 


Z57.5 


1,055  -  OS' 

L  */  4£  0  _  ^  3  S  _i  u 

S+oraye  ir\  S*k  reach  at  El ■  2 Sl-S  is  ■ 

n‘  ♦Bs^s€[,is  ■  ■’’•‘l =  7U  " ■«■  -  v> 

V,  7,4  -  S7.C  *c..p. 

Op,  *  l,C90  ^  J “ 273  J  *  M50  .Q utflav.  jna.  s**-  reach 

Sfaye  in  5*  rea^k  01 

257  + 


>1 ctfloui  is  I,  IS'O  c^J  IS  '• 

1^252 -2S|J  =  257. 

buj(Jt 

0>f  "Hie  vjwuar'mtoon  l\irer  lAJoma  proper**  <) 

by  a.  dam 'failure  flooJ  staye  at  El-  2S/-5. 


[1,150-  43S~ 

1_U 4^0- 

I  bullJinf  on  Trout  &r&oK  in  riaki  ftcoJ  pl> 

of  He  uauMCtfoK  Rirer  ooould  probably  be  «*, 
*_j  1  r  .  *  r*  j  »  .  —  /  ^  ^ r  1 


In 

ff*‘  /r, 


S»x+k  douJns+reaw  neack  :  At  USd?S  Cfaye  N«.  0\09<000 
G)f,  *  I,  ISO  cfs  (prone  S  react) 


£l«va4ifln 

5tcr«oe  lat-il 

244.3 
241.0 
■  2  SAP 

6 

640 

-U20 

'  O 

19.  S 

_ <2ii _ 

Eleva+icn  -  Discharge  Reia+ian 
ships  From  Annual  US<%^ 
Publications  of  Surface 
UJaker  Records 


APPENDIX  D-8 


CAMP  DRESSER  ft  McKEE  CLIENT  J 
Environmental  Engineers  PflOJECTj 
Boston,  Mms.  detail] 


JOB  NO  : 
DATE  CHECKED. 
CHECKED  BV. 


l&O-S-H 


page_^L 

DATE 

COMPUTED  BY  JEj 


toje  in 


6*1' reach  when  eutflcut  is  I,  ISO  cfs  is  • 

244  4  - **’]  • 2444 
Sfantje  in  reach  at  El.  249  ?  is  •' 

[*£? :  Sffil1*4- l4S] =  23-2  ~-p  =v' 

Of,  8  Of,  f '  “  :  1.ISO  ”  273  J  =  t 

Staae  in  reach  u>hen  outflow  if  1,050  cfs  is  ■' 

244  ♦  [fcif %:iK][ j4,j * 2447 


il.  ISO  -  4401 


2  SO  -  Z49 


S>ton*e  i/i  raac.^  at  ET  249-7  is  : 

145  4  '4£]=  224  ^ 

V  »  X±X-  =  12-L±1U-  -  27.8  at. -ft 
*3  2  2 

Qp3=  l,l£o(l  -  27^)  ~  I ,OS£  *fs  *  Outflow  |j<m  6  ♦*  reach 

S"h*^e  in  £'*t  reach  uil>en  outflow  =  I, OSS  cfs  is  ' 

249  +  pOSS  -  4  4o]r z5<3 . 2491  =  2.49,7 

1 1,220-  4  40JL  J 

No  buildings  IA  reach  affected  by  dam --failure  ftoed 

A  -floLU  of  I,  OSS  cfs  is  expe  ‘ted  to  be  equaled  or  erccee 
at  the  aoje  an  average  of  once  every  / 7  months.  Then?  is 
a  70  percent  chance  4nat  it  uiill  be  equaled  or  enreed*  J  ,n 
any  aiven  year.  "TKis  peu  is  pio+  expected  "10  cause  ary 
damaje  downstream  of  the  • 


The.  dam  failure  analysis  Indicates  that  2  buildings  may  -* 
affected  by  the  dam  failure  flood-  The  estimated  pofnti. ii 
loss  of  life,  is  a  few  persons. 

Significant  hazard 


Test  Flood  :  \oo-Yr.  to  HP MF  R aye ,  Use  4  PMF 

From  COE  (guideline  Curves  far  Rolling  Terrain  use  1,100  -T'/m 
Test  Flood  -^X'/,0°  ‘%*Xs »■  3  *..■*)  =  U.  006  cfs 


APPKNDIX  D-9 


CAMP  DAES5EA  ft  McKEE  CHPWT  C.O£ _ _ _  JOB  NO  3&Q  -  S-  I  /_  PAGE  7  Pf  )4 - 

EnvoonmomalEnj.no.fi  PROJECT  Dam  Xnspef  fiasl  DATE  CHECKED  &-4~l9 _  DATE  5/3!/  79 _ 

Bolton.  Matt.  DETAIL  T^ujrsen/ Hjf  Uor  Pem  CHECKED  BY  _  COMPUTED  BY  MJL _ 

Mi  I  trace  Qiscbaraes 

I.  Gut/et  be-l*u>  El.  2.69. 2 

Weir"  ervJ  aontractio/ >3  Q  I~a  W« 

Lanjlh  *=  3.?' 

b  *  ifli  llrnce  uudtL  s  12'  * 

P  =  266.4  -  263.  I  *  heiabt  -frem  millrare  invert  -ft>  uje-r  rre-zi 

Kh  =  2>C3 

L4j  •(3-r)-r(ir)  r  O.  3  :.KL:C.OO?  «►  L  e‘3.909 


E  lev. 

H 

~w 

Ce 

H* 

Q 

264.4 

O 

0 

O 

O 

O 

267-3 

0.9 

A  2.7 

3.  IS 

0.903 

if 

ZC8J_ 

JJL 

QJL 

-3.1A- 

LI 63. 

_  28..  _ 

2.  Qutle-i  above  El-  249. 2  _ 

Orifice  optraii  ni  unjer  inlef  c-antroj  EAy^qH 

Frown  p  eje.  2  of* 4,  above,  Qa(0-SSXl  0.92^8.02)1  H)yt 


Elev 

M 

269-3. 

2.6 

125 

270-1 

3.1 

1 43 

210-2 

3.6 

145 

271-0 

4.6 

160 

212.0 

5-6 

175 

213-0 

66 

190 

3.  Overfl  OiaJS  Above:  El.  265.  I 


Overflow 

Side  W«IU 
at  Over  f  leu 
Spill  u>ay 

Wei r  Above 
Mi  II race 
Outlet 

Wtfir  \enS\ 
Weir  ere  1+  den 
Me ir  "C 

•  Igt  * 

268. 1 
2.fl 

44.4' 

269.2 

3.6 

IS' 

270-2 

3.5 

To+<»  1 
FIoeo 

Elei/. 

H 

o, 

H 

Q 

H 

<2_ 

2*s.  1 

2  69-1 
370-1 
370.3 
271.0 
272-0 

mo. 

0 

1.1 

20 

2.1 

2.9 

3.9 
*5_ 

0 

to 

145 

155 

250 

3  90 
545 

0 

0 

09 

1.0 

1-8 

2-8 

3.0 

0 

0 

100 

IIS 

2  to 

540 

855 

0 

0 

0 

0 

0.8 

1  -8 
2.8 

000  0$$g 

0 

60 
245 
27 0 
57 0 
l,05£ 
1,645 

APPENDIX  D-10 


CAMP  DRESSER  ft  McKEE  CLIEMT  (ZO  £ _ inn  Mfl  3&0  -  S  -  1 1  PAC.E  8  °f  14 _ 

Environmental  Engmeen  PROJECT,  P<am  Inspection _  date  checked  _  date  Sj3jJj9_ _ 

Bolton.  Man.  DETAIL  7bujns£nJ  fioriur  Dam  CHECKED  BY  _  jg> _  _  COMPUTED  BY  ££M _ 

Discharges  at  Ml  I  trace  Entrance  ( Railroad  Bridge) 

!•  0 pen  •  o-hanne  I  (flow  below  El.  269.7 

The  dirc-har^C  is  e^ua.1  ft.  that  ai  the  downstream 

ei d  of  the  millrac e,  but  the  pond  water  surface 
elevation  eaualt  the  water  surface  efevaAon  at  H>e 
downstream  end  of  the  mill  race  plus  the  nu  (Irate 
head  lass. 

2.  Orifice  Slow  above  El-  269.7  Opera  tina  Ufuie r  out  lei  control. 

Area  •  /6.3'«  6.6'  *  \07-Ca  /  7 

Wetted  fkrimeter  «  (2^U- 3'  •*■  66')  =  4S.&' 

R  -  0°7.6)  t  {45. & )  =  2.3S 

K.I.S  ■  I.S4 

a--  Apf  ‘  *  us  e  pi 

H  is  the  difference  between  water  surface  elevator.  ^  ^stream 
and  downstream  of  "Hie  ml  Ire. ad  bridge. 


© — 

m 

?55 — 

— It) — 

- S5 — 

(6)  * 

Water  Surface 

UJdctmr  SurS+e*. 

Vio^*r  Surface 

Elevaiic «  af 

EJetoh'oA 

H  in 

fjevabtr 

DausnsSrmam 

tlillraee 

Mi  [(race 

Vouin stream  of 

Orifice 

Upstrec.n.  af 

of-  Mi  II  race 

Discharge 

Mead  Loss 

RR.  bn  dee 

J 

zauabe* 

RR  Br  Cje 

(Previous  (eye) 

(EsHturfeJ  ) 

©  *  ® 

266.4 

O  ' 

o 

266.4 

, 

2  it  4  1 

26  7.3 

II 

O.Z 

267. 5 

CO  pen- 

267  £ 

268-1 

26 

0.1 

265  3 

Channel 

264.3  1 

269-2 

185 

o.  z 

269-4 

Flow 

267.4  | 

270.  1 

390 

o.s 

270.6 

0.31 

710  9  1 

270).  2 

415 

0.5 

210.1 

0.36 

271-1  ! 

27(0 

130 

o.e 

271.  fi 

**  1 .10 

277  9 

272.0 

1,2361 

1.0 

273.0 

*■*  1.80 

214  8 

273.0 

1635 

1 •  2 

_ 2742 

*Jt  2.50  ... 

276.7 

■  'f *  — — - 1 - »n'~  I  rr  - - 1 s  • 

♦  Wft+ffr  surface,  elevcrh'on  of  Harbor  Pond, 
it*  \lalue  of  "  H  determined  bp  b*l*nciny  orifice  an0 
WCir  f Uu>.  See  nest  paje  . 


3.  Weir  flow  above  El.  272.5  (railroad  Ar*c*) 

We.\r  length  ~  3S' 

Weir  'C'7  -  2.6 

a-  £  L  H** 

H,  is  the  difference  between  the  pond  elevahtn  and  the 
weir  crest  ( El.  27Z-6). 


APPENDIX  D-l 1 


PPt.MUlX  F.-12 


CAMP  DR£$$ER  &  McKEE 
Environmental  Engirtaars 
Boiton,  Mau. 


CLIENT  coe 

JOB  NO  3flQ  •  S'-  l  I 

woject  Da m  In  tpection  .  date  checked 

oetailToem naend  HdrLu-  Dam  CHECKED  BY _ k  ZD _ 


PAGE  1  j  *{ 

nATF  6/4/79 


COMPUTED  BY 


-RFH. 


^>urchar^e  -  orates  Rautit v?  Thro  uyh  Harbor  Pond 

Qp,  c  Te«f  flood  inflow  -  16,000  cfs  (pram  p<*^e  6^ 

Sfaqe  when  outfits  is  16,000  cfs  is  El-  276-2 
Storage  at  El.  276.2  Is  *,2.43  *e-ff. 

Rcrnff  Volume  -  4.72" runoff 


/4  PMF  runoff  velum*  -  S'"1 

Qh  m  Qf,  ('  "  3-)  *  H*Oo[\'  =  13,100  cfs 

Srfaae.  wh  e  n  outflow  is  13,700  cfs  is  El.  27S.6 
SWaee  at  El.  27 S.£  iS  2 .658 

hf  dtoraje  s^3dllA3£^  ,  *  a,.-//. 

Staqe  when  storaqe  is  ZlSOac-ft  is  275.1 
Outflow  at  Ej.727S.f  is  14,340  cfs 

Tsdi  water  Analysis 

Petertnine  tail  wot  e  r  e-levation  at  upstream  face  of 
5<su+l(  Hartor  bridge.  The  river  channel 

discharge  between  the  dam  at \J  the  bridae  came  s 
principally  -from  the  spillway  and  rijht  em banement. 

Q  s^3.5X12.2'X275.9 -  267.i)V^\  +  [( 2.3^92  2 ^2751  9  -27Ao]’/J]=  Il,l80cfj 

Water  surface  elevation  at  downstream  face  of  So^Th 
H drier  KaaJ  hrijje  is  approximately  the  same  as  that 
at  the  confluence  a f  the  rnillraee  discharge  c-hannel 
with  the  river  channel,  at  uuhich  point  tJ\c  river 
flow  is  the  entire  test  flcoJ  outflow^  14,640  cfs. 

M  m\H ra.ee  outlet- 


Elevation 

Discharge  (cfs) 

270 

9,S3S 

271 

10,070 

2  72 

11,435 

27  3 

<3  670 

-  Z74 

.  1L.6&  , 

Sta.<je  u>hen  discharge,  is  14,840  cfs  is  • 

273  ♦fe^Tf^jf274-273]  *  2734 


APPENDIX  D-15 


CAMP  DRESSER  &  McKEE  CLIENT  LC 
Environmental  Engineer*  PROJECT.2^i 
Boiton,  Meu.  DETAIlTsmj 


_  JOB  NO  i 

faction  DATE  CHECKED. 

d  Harbor  Qam  checked  by. 


>&t 0-5  ~  I 1  page  13  o-f  14 

6-6-OQ  DATE  6  /4  /  79 

Jen. _  _  COMPUTED  BV  PFH 


Balance  Orifice  arJ  Loeir  flouj  at  S o  u th  Harbor  Road  bridge 

/•  Orifice  under  outlet  central  (Crown  El.  270.  A) 

Area  *(lo.4‘  *  63‘)  =^3.2H 

WetieJ  Perimeter  s(l  X'd 4'  *  S3')  =  Ifl6.fi1 

R=(£63.2 )-^(  IflC.fi)  =  4.6  2' 

Len«fl\  =  361 

n  =  £>.  os <o  t 

K  =  i .s  +  zffi*  ,.s  +  (i!X*£se^e±*  i78 

Q.*  *  8<3.2BJ&$f  = 

2.  Weir  El.  274- :  Length  *  C-3.0,  QM=CLH*,// 


e  -  Area 

1  ationsh 

E  levah'on 

Area  (Q) 

110  4-274 

863.2 

2  75 

1,6)6  3.  ^ 

276 

1,263.2 

_ 133- _ 

1.463.2 

(2)  (3)  (4) 

(5J 

(7) 

(*) 

(9)  09)  | 

(») 

Area 

Enenjy 

A53  OlTf 

ai 

Mfl&rfJ  Grade 

G»r[Ut&i 

K  t  6-0 

Hu,  US  EL  US  El 

Velo<'/y 

head 

L  1  AC 

H„ 

,  Qp  Q* 

IvQ*  214*3) 

ffi-7734 

[SW-®*1  11,180-® 

[_ 

1.7  275.7  1,203.2 

9-3  1 

1.3° 

1  277.0 1 

'  3.6 

[  9.650  1,330 

i  <=* 

ihaie rflcd  Condition 

f5ce_ 

ne>cf  /3flE 

>*) 

[K3o& 

1  (®-273.3| 

9530-® 

L 

0.9  274.9  1,043.2 

9.1 

1.3 

27c.a 

a.  9 

8,640  690 

r  560 

1.0  A75.0  1,063.2 

9.0 

13 

2  76  3 

3.0 

8  990  540 1 

OK 

'T«.i|u>*'fer  E /.  275.7  indicates  that  the  Jam  is  submerge  d  ■ 
In  order  +o  aco<5unf  [sr  Submergence  at  the  Jam,  red  .  -t: 
the  d  ischarges  at  the  spillouay  and  rig/if  c/nb*nKmer  ■ 
Assume  submergence  ratio  «  £.75  Keduce  free-flo^ 
discharges  40  °/o 


Elev. 

Spt  UbJAy 

Kwlt  trnfc 

an  tune nt 

Total 

Left 

Free 

Dis<.lv  roe 

Diirharae 

Free 

SubrlrfaJ 

PistkAr+e 

Submerged 

EmlvAK 

meet 

2  73 

4,390 

2,535 

6io 

4  00 

3,035 

7  30 

174 

5,59S 

3,355 

1,250 

iSo 

4,105 

1,140 

Z7S 

6,695 

4,135 

2.0BS 

1,250 

5,395 

\ ,605 

276 

3,260 

4,970 

3,  160 

1,995 

6,965 

Z  M 

2  77 

9,750 

5,050 

4,  sis 

23(0 

9,560 

2,600 

278 

11.225 

63S0 

6  195 

3,720 

10.500 

3,29 0 

yr  meat  Bridge  ^ 
5  73d  750 

S’  |,l4d  I,  *90 
5  },605  1,300 

r  £(2<5  U/<5 

o  2,iao  1 9tc 

0  3.290  2.2SO 
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Pis  - 

4, SIS 
6,345 
B  290 
10,595 
13,  ISO 
16.  <546  I 
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Surcharge  -Storage  Routing  With  Submergence 

54aoe  when  outflow  is  \c,ooo  els  ir  El.  273 
Storage  at  El.  i 77.fi  is  2,300  ac  - ft 

Runoff  Volume, 

Qpi  =  16, wo  ]  =  1 3, 1 2  0  cf* 

Staae  when  outflow  is  15,120  cfs  is  El.  277 
S+ct-oje  at  El-  ill  is  2,49  lac. -ft. 

At*).  Sioraye  -  j^ggO  4  *t49lJ-  2,4.46.  "c.-ft. 

Staoe  u>he, t  _£-feroo«  <r  2, 646*' -ft-  is  277-5 
Out'fl  auj  at  El.  277.5  is  14,6/0  c/r 

T<*l ItaJd.'j-gK  Analysts  With  Submergence 

Std’JC.  ai  A  O  const  ream  fare  of  South  Harbor  Road  hr. Ay 
when  discharge  at  Confluence  ouitl  millrtee  Outlet'  > 

14,7/0  cfj  u  • 

273  *  [£%'-', !;}%][ -  ”3.3 

Discharge  at  s-piUwoy-  and  rijht  emhanumant  - 

Q=  3  560  +  [iwt  -~  277.f\[^S0°  -  &'S*\  *  efr 

Tail  wafer  e.levaf?or\  for  submerged  cond  i  bans 
is  El.  215.0.  (See  -tabular  balance  of  orifice  and 
loeir  f/oco  on  previous  paje) 

Chec.K  su.bme.rae nee.  ratio  *  ^  ~  2* 7- 3)  _  ^  7^  ok 

'  (277.5  -  267.3) 


Test-FlooJ  Outfl  out  =  14,610  cfs  at  El.  277<  5 

The  fesf-  flood  overtops  fke  dam.  by  7 S'  and  the 

spillway  by  10. 2  '« 

TailuJater  Ele/a+ion  is  275.<D 


,S  piUtoay 

5350  + 


Ipt 

ft 

li 


capacity  at  test 
277,5  -211.  t> 
173’ 6-  27 7.0 


flood  elevation 


^6,750-5*50]  =  4320  ofs 
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